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(57) ABSTRACT

A method for supporting activation/deactivation of serving
cells by a base station (eNB) in a wireless communication
system provides decreased overhead and decreased power
consumption for a user equipment (UE). The method includes
configuring M supportable serving cells in the UE, configur-
ing an indicator indicating activation/deactivation of each of
the M serving cells, configuring a medium access control
(MAC) message which includes a MAC control element (CE)
and a logical channel identifier (LCID), the MAC CE includ-
ing the indicator configured for each of the M serving cells
and having a length corresponding to an integer multiple of 8
bits, the LCID indicating that the MAC CE includes the
indicator indicating activation/deactivation of each serving
cell, and transmitting the configured MAC message to the
UE. Accordingly, a control channel or data channel regarding
a component carrier 1s selectively recerved depending on
whether the component carrier 1s activated.
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FIG. 6
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FIG. 8
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FIG. 11
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FlG. 13
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TRANSMITTING/RECEIVING ACTIVATION
INDICATOR OF COMPONENT

CARRIERBASED ON ACTIVATION GROUP

This application 1s a divisional of U.S. patent application
Ser. No. 12/916,203, filed on Oct. 29, 2010, which has been
issued as U.S. Pat. No. 8,538,411, and claims priorty from
and the benefit under 35 U.S.C. §119(a) of Korean Patent
Application No. 10-2009-0104586, filed on Oct. 30, 2009,
and Korean Patent Application No. 10-2010-0088151, filed
on Sep. 8, 2010, the disclosures of which are incorporated
herein by reference for all purposes.

BACKGROUND

1. Field

The following description relates to wireless communica-
tions, and more particularly, to an apparatus and method for
constructing an activation group regarding a 1s component
carrier in a wireless communication system having a plurality
of component carriers and for transmitting and receiving
activation information generated on the basis of the con-
structed activation group.

2. Discussion of the Background

Next generation wireless communication systems support
a high data rate. For this, various techniques, such as multiple
input multiple output (MIMO), cooperative multiple point
transmission (CoMP), relay, etc., have been researched, but
another solution may be to increase a bandwidth.

However, currently, a frequency resource 1s 1n a saturation
state, and various schemes are partially used 1n a wide fre-
quency band. For this reason, 1n order to ensure a broadband
bandwidth 1n order to satisiy a higher data rate, a system 1s
designed to satisiy a basic requirement which requires sepa-
rate bands capable of operating respective independent sys-
tems, and a carrier aggregation (CA) 1s mtroduced. In con-
cept, the CA aggregates a plurality of bands into one system.

In this case, a band that can be independently managed 1s
defined as a component carrier (CC).

SUMMARY

Exemplary embodiments of the present invention provide a
system including a plurality of component carriers satisiying
a service requirement in a next generation wireless commus-
nication system, and a method for the system.

Exemplary embodiments of the present invention provide
an apparatus and method for configuring an activation group
in correspondence with specific information in a wireless
communication system using a plurality of component carri-
ers.

Exemplary embodiments of the present invention provide
an apparatus and method for generating an activation indica-
tor on the basis of an activation group configured in corre-
spondence with specific information 1n a wireless communi-
cation system using a plurality of component carriers.

Exemplary embodiments of the present invention provide
an apparatus and method for indicating activation and deac-
tivation of a component carrier configured 1n correspondence
with specific mformation in a wireless communication sys-
tem using a plurality ol component carriers.

Exemplary embodiments of the present invention provide
an apparatus and method for transmitting and receiving an
activation mdicator indicating activation of a selected com-
ponent carrier in a wireless communication system using a
plurality of component carriers.
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Exemplary embodiments of the present invention provide
an apparatus and method for transmitting and receiving an
activation indicator indicating deactivation of a selected com-
ponent carrier 1in a wireless communication system using a
plurality of component carriers.

Exemplary embodiments of the present invention provide
an apparatus and method for transmitting and receiving an
activation indicator indicating activation or deactivation of a
selected component carrier by constructing the indicator in a
format of a bitmap having a predetermined size 1n a wireless
communication system using a plurality of component carri-
ers.

Exemplary embodiments of the present invention provide
an apparatus and method for transmitting and receiving an
activation indicator indicating activation or deactivation of a
secondary serving cell (SSC), to which a system 1information
block type 2 (SIB2) connection 1s established, by construct-
ing the indicator to have the same length as 1s information
indicating a component carrier index in a wireless communi-
cation system.

Exemplary embodiments of the present invention provide
an apparatus and method for transmitting and receiving an
activation indicator indicating activation or deactivation of an
SSC, to which an SIB2 connection is established, by using
medium access control (MAC) signaling 1n a wireless com-
munication system.

Additional features of the invention will be set forth 1n the
description which follows, and 1n part will be apparent from
the description, or may be learned by practice of the inven-
tion.

An exemplary embodiment provides a method for support-
ing activation/deactivation of serving cells by a base station
(eNB) 1n a wireless commumnication system, the method
including configuring M supportable serving cells 1n a user
equipment (UE), configuring an indicator indicating activa-
tion/deactivation of each of the M serving cells, configuring a
medium access control (MAC) message which includes a
MAC control element (CE) and a logical channel identifier
(LCID), the MAC CE including the indicator configured for
cach of the M serving cells and having a length corresponding
to an integer multiple of 8 bits, the LCID indicating that the
MAC CE 1ncludes the indicator indicating activation/deacti-
vation of each serving cell, and transmitting the configured
MAC message to the UE.

An exemplary embodiment provides a method for support-
ing activation/deactivation of serving cells by a user equip-
ment (UE) 1n a wireless commumnication system, the method
including receiving a medium access control (MAC) message
from a base station (eNB), confirming by a logical channel
identifier (LCID) that an indicator 1s included 1n the recerved
MAC message, and confirming that the indicator indicates
activation/deactivation of each of M serving cells configured
in the UE by using a MAC control element (MAC CE) 1s
having a length corresponding to an integer multiple of 8 bits,
and receiving a downlink control channel or a downlink data
channel from the eNB or transmitting an uplink data channel
to the eNB by using an activated serving cell based on the
confirmed 1ndicator.

An exemplary embodiment provides a base station (eNB)
to support activation/deactivation of serving cells in a wire-
less communication system, the eNB including an activation
group configuration unit to configure M supportable serving
cells 1n a user equipment (UE), an activation indicator gen-
eration unit to generate an indicator indicating activation/
deactivation of each of the M serving cells, a message trans-
mission unit to configure a medium access control (MAC)
message and to transmit the configured MAC message to the
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UE, the MAC message including a MAC control element
(MAC CE) and a logical channel identifier (LCID), the MAC
CE including the indicator configured for each of the M
serving cells and having a length corresponding to an integer
multiple of 8 bats, the LCID indicating that the MAC CE
includes the indicator.

An exemplary embodiment provides a user equipment
(UE) to support activation/deactivation of serving cells in a
wireless communication system, the user equipment 1nclud-
Ing a reception processing unit to recerve a medium access
control (MAC) message, an activation group confirmation
unit to confirm by logical channel 1dentifier (LCID) that an
indicator 1s included 1n the recetved MAC message, and to
confirm that the indicator indicates activation/deactivation of
cach of M serving cells configured in the UE by using a MAC
control element (CE) having a length corresponding to an
integer multiple of 8 bits, and an information analysis unit to
receive a downlink control channel or a downlink data chan-
nel, or to transmit an uplink data channel, by using an acti-
vated serving cell based on the confirmed indicator.

An exemplary embodiment provides a method for support-
ing 1s activation/deactivation of component carriers by a base
station (eNB) 1n a wireless communication system supporting
multi component carriers, the method including configuring,
M supportable component carrier (CC)s 1n a user equipment
(UE), configuring an indicator indicating activation/deactiva-
tion of each of the M CCs, configuring a medium access
control (MAC) message which includes a MAC control ele-
ment (CE) and a logical channel 1dentifier (LCID), the MAC
CE including the indicator configured for each of the M CCs
and having a length corresponding to an integer multiple of 8
bits, the LCID indicating that the MAC CE includes the
indicator indicating activation/deactivation of each CC, and
transmitting the configured MAC message to the UE. The CC
1s a cell to transmit and recerve information between the eNB
and the UE, that the cell has a linkage between uplink CC and
downlink CC.

An exemplary embodiment provides a method for support-
ing actrvation/deactivation of component carriers by a user
equipment (UE) 1n a wireless communication system sup-
porting multi component carriers, the method including
receiving a medium access control (MAC) message from a
base station (eNB), confirming by a logical channel 1identifier
(LCID) that an indicator 1s included in the recetved MAC
message, and confirming that the indicator indicates activa-
tion/deactivation of each of M component carrier (CC)s con-
figured 1n the UE by using a MAC control element (IMAC CE)
having a length corresponding to an integer multiple of 8 bits,
and recerving a downlink control channel or a downlink data
channel from the eNB or transmitting an uplink data channel
to the eNB by using an activated CC based on the confirmed
indicator. The CC 1s a cell to transmit and recerve information
between the eNB and the UE, that the cell has a linkage
between uplink CC and downlink CC.

An exemplary embodiment provides a base station (eNB)
to support 1s activation/deactivation of component carrier
(CC)s 1n a wireless communication system, the eNB 1nclud-
ing an actrvation group configuration unit to configure M
supportable component carrier (CC)s 1n a user equipment
(UE), an activation indicator generation unit to generate an
indicator indicating activation/deactivation of each of the M
component carrier (CC)s, a message transmission unit to
configure a medium access control (MAC) message and to
transmit the configured MAC message to the UE, the MAC
message including a MAC control element (MAC CE) and a
logical channel identifier (LCID), the MAC CE including the

indicator configured for each of the M component carrier
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(CC)s and having a length corresponding to an integer mul-
tiple of 8 bits, the LCID indicating that the MAC CE includes
the indicator. The CC 1s a cell to transmit and receive infor-

mation between the eNB and the UF, that the cell has a
linkage between uplink CC and downlink CC.

An exemplary embodiment provides a user equipment
(UE) to support activation/deactivation of component carrier
(CC)s 1n a wireless communication system, the user equip-
ment 1cluding a reception processing unit to receive a
medium access control (MAC) message, an activation group
confirmation unit to confirm by logical channel i1dentifier

(LCID) that an indicator 1s included in the recetved MAC

message, and to confirm that the indicator indicates activa-
tion/deactivation of each of M component carrier (CC)s con-
figured 1n the UE by using a MAC control element (CE)
having a length corresponding to an integer multiple o1 8 bits,
and an information analysis unit to receive a downlink control
channel or a downlink data channel, or to transmit an uplink
data channel, by using an activated component carrier (CC)
based on the confirmed indicator. The CC 1s a cell to transmit

and recetve information between the eNB and the UE, that the
cell has a linkage between uplink CC and downlink CC.

An exemplary embodiment provides a method for support-
ing 1s activation/deactivation of component carrier (CC)s by a
base station (eNB) 1n a wireless communication system using
a plurality of CCs having frequency bands that can be inde-
pendently managed, the method including determining, for
cach of the CCs, activation to instruct momitoring for receiv-
ing a control channel and a data channel or at least one of the
control channel and the data channel or deactivation to
instruct a stop of the monitoring for receiving the control
channel and the data channel, setting the determined activa-
tion or deactivation to a 1-bit indicator, wherein the activation
1s set to 1 and the deactivation 1s set to 0, and transmitting
medium access control (MAC) signaling which includes the
indicator for each of the CCs 1n a bit-stream having a prede-
termined length, to a user equipment (UE).

An exemplary embodiment provides a method for support-
ing activation/deactivation of component carrier (CC)s by a
user equipment (UE) 1n a wireless communication system
using a plurality of CCs having frequency bands that can be
independently managed, the method including receiving
medium access control (MAC) signaling which includes an
indicator configured for each of the CCs 1n a bit-stream hav-
ing a predetermined length, confirming the indicator set for
cach of the CCs 1n the bit-stream having the predetermined
length, activating a corresponding CC 1f the confirmed indi-
cator 1s 1 or deactivating the corresponding CC if the con-
firmed 1ndicator 1s 0, and receiving a control channel and a
data channel or at least one of the control channel and the data
channel by momitoring the activated CC or not recerving the
control channel and the data channel by stopping monitoring
of the deactivated CC.

An exemplary embodiment provides a base station (eNB)
for supporting activation/deactivation of component carrier
(CC)s 1n a wireless communication system using a plurality
of CCs having frequency bands that can be independently
managed, the eNB including 1s a controller to determine, for
cach of the CCs, activation to instruct monitoring for receiv-
ing a control channel and a data channel or at least one of the
control channel and the data channel or deactivation to
instruct a stop of the monitoring for receiving the control
channel and the data channel, and to set the determined acti-
vation or deactivation to a 1-bit indicator, wherein the activa-
tion 1s set to 1 and the deactivation 1s set to 0, and a transceiver
medium access control (MAC) signaling which includes the
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indicator for each of the CCs 1n a bit-stream having a prede-
termined length, to a user equipment (UE).

An exemplary embodiment provides a user equipment
(UE) for supporting activation/deactivation of component
carrier (CC)s 1n a wireless communication system using a
plurality of CCs having frequency bands that can be indepen-
dently managed, the UE including a reception processing unit
to receive medium access control (MAC) signaling which
includes an indicator configured for each of the CCs 1n a
bit-stream having a predetermined length, an activation group
confirmation unit to confirm the indicator set for each of the
CCs 1n the bit-stream having the predetermined length, and to
activate a corresponding CC 11 the confirmed indicator1s 1 or
deactivate the corresponding CC 11 the confirmed indicator 1s
0, and an information analysis unit to receive a control chan-
nel and a data channel or at least one of the control channel
and the data channel by monitoring the activated CC or not to
receive the control channel and the data channel by stopping,
monitoring of the deactivated CC.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed. Other features and
aspects will be apparent from the following detailed descrip-
tion, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 shows a wireless communication system according,
to an exemplary embodiment of the present invention.

FI1G. 2 shows a case of simultaneously using 5 CCs having
a frequency band of 20 MHz or lower in a wireless commu-
nication system according to an exemplary embodiment of
the present invention.

FIG. 3 shows a downlink control information activation
group according to an exemplary embodiment of the present
invention.

FIG. 4 shows a case where a missing region 1s generated
when data 1s received using the control information activation
indicator of FIG. 3.

FIG. 5 shows a control information activation group and a
data information activation group in downlink according to
an exemplary embodiment of the present invention.

FI1G. 6 1s a tlowchart for configuring a control information
activation group according to an exemplary embodiment of
the present invention.

FIG. 7 shows a structure of an activation group for each
layer according to an exemplary embodiment of the present
invention.

FIG. 8 1s a flowchart for configuring a data information
activation group according to an exemplary embodiment of
the present invention.

FIG. 9 shows an example of transmitting an activation
indicator individually for 1s each CC of an activation group
according to an exemplary embodiment of the present mnven-
tion.

FIG. 10 1s a flowchart for transmitting an activation indi-
cator in an eNB according to an exemplary embodiment of the
present invention.

FI1G. 11 1s a schematic view of a transmitter for transmitting,
an activation indicator according to an exemplary embodi-
ment of the present invention.
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FIG. 12 shows a signal generation structure of a downlink
physical channel for transmitting an activation indicator
according to an exemplary embodiment of the present inven-
tion.

FIG. 13 1s a flowchart for recerving an activation indicator
according to an exemplary embodiment of the present inven-
tion.

FIG. 14 shows a recetver for receiving an activation indi-
cator according to an exemplary embodiment of the present
invention.

FIG. 15 15 a diagram for explaining the concept of a pri-

mary serving cell (PSC) and a secondary serving cell (SSC).

FIG. 16 shows a MAC protocol data unit (PDU) including,
an activation indicator according to an exemplary embodi-
ment of the present invention.

FIG. 17 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 18 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 19 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 20 shows a MAC control element including an acti-
vation indicator according 1s to an exemplary embodiment of
the present invention.

FIG. 21 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 22 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 23 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 24 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 25 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 26 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 27 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 28 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 29 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 30 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 31 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 32 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.

FIG. 33 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention.
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FIG. 34 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of

the present invention.

FI1G. 3515 aflowchart showing a method for transmitting an
activation indicator according to an exemplary embodiment
of the present invention.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals are understood to refer to the same elements, fea-
tures, and structures. The relative size and depiction of these
clements may be exaggerated for clarity, illustration, and
convenience.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The mvention 1s described more fully hereinatter with ref-
erence to the accompanying drawings, in which exemplary
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure 1s thorough, and will fully convey the scope of
the invention to those skilled in the art. In the drawings, the
s1ze and relative sizes of layers and regions may be exagger-
ated for clarity. Like reference numerals in the drawings
denote like elements.

FIG. 1 shows a wireless communication system according,
to an exemplary embodiment of the present invention 1s
applied. The wireless communication system can be 1s widely
deployed to provide a variety of communication services,
such as voices, packet data, etc. Referring to FIG. 1, the
wireless communication system includes a user equipment
(UE) 10 and an evolved Node B (eNB) 20. The UE 10 and the
eNB 20 use various power allocation mechanisms described
below.

The UE 10 collectively represents all user terminals used in
wireless communication and shall be construed as including,

not only a user equipment (UE) used in Wideband Code
Division Multiple Access (WCDMA), Long Term Evolution

(LTE), High Speed Packet Access (HSPA), etc., but also a
mobile station (MS), a user terminal (UT), a subscriber sta-
tion (SS), a wireless device, etc., used 1 Global System for
Mobile Communication (GSM).

The eNB 20 may be a cell and generally refers to a fixed
station that communicates with the UE 10 and may be
referred to as another terminology, such as a base station
(BS), a node-B, a base transceiver system (B'TS), an access
point (AP), a relay, femto BS, efc.

That 1s, the eNB 20 collectively represents some frequency
regions covered by an eNB 1n Code Division Multiple Access
(CDMA), a NodeB in WCDMA, etc., and shall be construed
as including all various coverage areas, such as a mega cell, a
macro cell, a micro cell, a pico cell, a femto cell, efc.

The UE 10 and the eNB 20 are transmitting and receiving,
entities used to implement technical features or technical
ideas described herein, and are not constrained by a specific
term or name.

There 1s no restriction on a multiple access scheme used in
the wireless communication system. Various multiple access
schemes can be used, such as CDMA, time division multiple
access (IDMA), 1Irequency division multiple access
(FDMA), orthogonal 1s frequency division multiple access

(OFDMA), OFDM-FDMA, OFDM-TDMA, and OFDM-
CDMA.

Hereinafter, a downlink represents communication from
the eNB 20 to the UE 10, and an uplink represents commu-
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nication from the UE 10 to the eNB 20. In this case, 1in the
downlink, a transmitter may be a part of the eNB 20, and a
receiver may be a part ol the UE 10. Further, 1n the uplink, the
transmitter may be a part of the UE 10, and the receiver may
be a part of the eNB 20. In some cases, the downlink may
represent communication from the UE 10 to the eNB 20, and
the uplink may represent communication from the eNB 20 to
the UE 10. In this case, in the downlink, the transmitter may
be a part of the UE 10, and the receiver may be a part of the
eNB 20. Further, in the uplink, the transmitter may be a part
of the eNB 20, and the receiver may be a part of the UE 10.
The downlink may also be referred to as a forward link, and
the uplink may also be referred to as a reverse link.

Uplink transmission and downlink transmission may use a
time division duplex (TDD) scheme, which performs trans-
mission by using different times, or may use a frequency
division duplex (FDD) scheme, which performs transmission
by using different frequencies.

An exemplary embodiment of the present invention can be

used 1n resource assignments, such as asynchronous wireless
H-advanced via GSM,

communication evolved to LTE and LT
WCDMA, and HSPA, and synchronous wireless communi-
cation evolved to CDMA, CDMA-2000, and Ultra-Mobile
Broadband (UMB). However, aspects of the present invention
are not limited to a specific wireless communication field and
shall be construed as including all technical fields to which
the technical features described herein can be applied.

A method for supporting a high data rate 1n a next genera-
tion wireless communication system according to aspects of
the present invention allows the UE 10 or the eNB 20 to
ensure a transmission/reception broadband bandwidth 1n
uplink and downlink by using a plurality of component car-
riers (CCs). The plurality of CCs can be configured as one
system band or system carrier. One CC can be regarded as one
wireless communication band before using a carrier aggrega-
tion.

FIG. 2 shows a case of simultaneously using 5 CCs having,
a frequency band of 20 MHz or lower 1n a wireless commu-
nication system to an exemplary embodiment of the present
invention. FIG. 2 shows the concept of frequency extension 1n

a carrier aggregation environment.

Reterring to FIG. 2, the UE 10 can be camped on through
all CCs, 1.e., a CC1 to a CC5. If the UE 10 1s camped on, the
UE 10 establishes synchronization to the eNB 20, receives
basic control information for communication with the eNB
20, and communication 1s possible 1 a specific frequency
band. The basic control information includes a master infor-

mation block (MIB), such as a physical broadcast channel
(PBCH), and a system information block (SIB), such as a

physical downlink shared channel (PDSCH). In particular, in
case of an SIB type 2 (SIB2), an uplink (UL) cell bandwidth,
a random access parameter, and a UL power control param-
cter are present. Theretfore, 11 the UE 10 1s camped on the eNB
20, a parameter for using a random access channel (RACH) 1s
received.

In addition, the UE 10 can basically perform random
access to all CCs, 1.e., the CC1 to the CCS5. In particular, the
UE 10 may perform randem access first to an LTE CC which
has a high possibility of being used as an anchor carrier. The
anchor carrier may also be referred to as a primary component
carrier (PCC). The remaining CCs other than the PCC may
also be referred to as a secondary component carrier (SCC).
The PCC and the SCC are determined for each UE. For
example for a first UE, the CC1 may be the PCC and the
remaining CCs may be 1s the SCCs, and for a second UE, the
CC3 may be the PCC and the remaining CCs may be the
SCCs.
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Meanwhile, the anchor carrier may be defined as one of the
CCs having all or some functions described below.

Initial synchronization between a cell and a UE and syn-

chronization maintenance

Random access

System mnformation reception for all or some CCs

Criterion on radio link failure (RLF) determination

Security related setup and management between the cell

and the UE

Non-access stratum (NAS) mobility setup and manage-

ment

Criterion and control of a discontinuous reception (DRX)

operation for all or some CCs

In addition, the anchor carrier may be configured 1n a cell
unit, a user unit, or a user group unmit. The anchor carrier may
also be referred to as a serving cell, a primary serving cell
(PSC), aspecial cell, etc. An anchor CC, 1.e., the CC1, may be
used as a criterion that indicates which carrier around the CC1
1s 1n association with or communication with the UE and that
reports which carrier 1s activated or deactivated.

Exemplary embodiments of the present invention provide
an apparatus and method for constructing and assigning an
actrvation group for a wireless transmission/reception opera-
tion of a UE by considering a device configuration condition
of the UE, required service quality of an application program
(e.g., an Internet Protocol (IP) based voice telephony (i.e.,
Voice over IP (VoIP)), a video streaming service, a file trans-
ter, web surfing, etc.), an amount of 1s power consumption,
user location information, a shadow area, a frequency selec-
tive channel, etc.

The eNB 20 may configure an activation group including at
least one CC among all CCs that can be received by the UE 10,
and may transmit information for the activation group to the
UE 10. This process 1s performed according to a type and
criterion to be described below.

This specific activation group can be classified 1nto a con-
trol information activation (sub) group that includes one
group according to a CC including control information for the
UE and a data information activation (sub) group that
includes one group according to a CC including data infor-
mation for the UE. The UE recerves a CC of the control
information activation group or a CC of the data information
activation group. A corresponding CC 1s activated 1n order for
the UE to receive the CC. If the CC belongs to the control
information activation group or the data information activa-
tion group, the CC 1s activated. On the contrary, when the CC
belongs neither to the control information activation group
nor to the data information activation group, the CC 1s deac-
tivated.

The eNB may indicate activation/deactivation of a CC by
including or excluding the CC to or from the control infor-
mation activation group or the data information activation
group. Information indicating whether a specific CC belongs
to the control information activation group or the data infor-
mation activation group 1s referred to as an activation indica-
tor.

FIG. 3 shows a downlink control information activation
group according to an exemplary embodiment of the present
invention. Referring to FIG. 3, signals are transmitted in a
radio frameunit ineach ofall CCs,1.e.,aCC1 toa CCS. In this
case, the radio frame may consist of 10 subiframes, and one
subirame may consist of two consecutive slots, 1.¢., a slot 1
and a slot 2.

In a downlink scenario, the first three (or fewer) OFDM
symbols of the slot 1 1n 1s the subirame correspond to a
control region to which a physical downlink control channel

(PDCCH) 1s assigned, and the remaining OFDM symbols
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correspond to a data region to which a physical downlink
shared channel (PDSCH) 1s assigned. In addition to the
PDCCH, a control channel, such as a physical control format
indicator channel (PCFICH), a physical hybrid automatic
repeat request (HARM) indicator channel (PHICH), etc., can
be assigned to the control region.

The UE 10 may decode control information transmitted

through the PDCCH and thereafter may read data information
transmitted through the PDSCH on the basis of the decoded

control information. In this case, the control information
includes 3 OFDM symbols according to an exemplary
embodiment of the present invention. Meanwhile, the number
of OFDM symbols included in the control region 1n the sub-
frame can be known through the PCFICH.

The UE 10 may decode control information transmitted
through the PDCCH of each CC in downlink 1n the presence
of downlink control information (DCI), and may read data
information transmitted through the PDSCH of each CC of
downlink on the basis of the decoded control information.

A plurality of PDCCHs multiplexed for the plurality of UE
10 may be transmitted in the control region. The PDCCH 1s
used to carry the DCI, such as scheduling determination and
power control commands. More specifically, the DCI may
include control information, such as downlink scheduling
assignments, uplink scheduling grants, power control com-
mands, etc. Another type of control information corresponds
to a size of another DCI message. Therefore, the DCI can be
identified with a different DCI format. In this case, the DCI
format corresponds to a message size and usage.

One PDCCH carries one message through one of the DCI
formats. Since the 1s plurality of UEs 10 can be simulta-
neously scheduled on uplink and downlink, a plurality of
scheduling messages can be transmitted in each subirame.
Since the respective scheduling messages are transmitted on
separate PDCCHs, the plurality of PDCCHs can be simulta-
neously transmitted 1n each eNB 20.

Referring again to FI1G. 3, the DCI format of the PDCCH of
cach CC may transmit control information, such as uplink

grants and downlink grants, for a CC having the DCI format,
¢.g.,a CCwhich 1s the same as the CC2 of FIG. 3. In addition,

the DCI format of the PDCCH of each CC may transmit
control information, such as uplink grants and downlink
grants, not only for a CC having a DCI format of a PDCCH of
a specific CC, 1.e., aCC which 1s the same as the CC2, but also
at least one of other CCs, 1.e., the CC1 and the CC3.

The DCI format of the PDCCH of each CC may transmit
control information, such as uplink grants and downlink
assignments, for only a CC (1.e., the CC3) having a DCI
tformat of a PDCCH of a specific CC and at least one another
CC (1.e., the CCS). In this case, the DCI format exists for each
of a plurality of CCs to transmit control information of the
respective CCs through the PDCCH.

In the wireless communication system, among all recerv-
able CCs, 1.¢., the CC1 to the CCS, the eNB 20 determines a
CC that 1s the same as the CC having the DCI format for the
UE 10 or CCs (1.e., the CC2 and the CC3) that include Control
information (1.e., PDCCH) of at least one other CCs as
control mformatlon activation group (also referred to as a
PDCCH active set), and reports information on the PDCCH
active set to the UE 10. The PDCCH active set may also be
referred to as a PDCCH momnitoring set.

Therefore, the UE 10 may recerve control information (1.e.,
PDCCH) on a CC 1n the PDCCH active set, and thereafter
may confirm a location of the PDSCH transmitted to the UE
10 by analyzing information in the control information (1.e.,
PDCCH), and confirm data information (i.e., PDSCH) of the
location indicated by the control information (1.e., PDCCH).
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FIG. 4 shows a case in which a missing region 1s generated
i data 1s recetved using a control information activation indi-
cator of FIG. 3.

A location indicated by one control information (1.e.,
PDCCH) may be one of all CCs, 1.e., a CC1 to a CC5, which
can be recerved by the UE 10, and thus the UE 10 performs a
reception process for all CCs, 1.e., the CC1 to the CCS. In this
case, since the reception process 1s performed on all CCs,
unnecessary battery consumption may occur in the UE 10.

For example, 11 the CCs respectively use bands of 700
MHz, 1.9 GHz, 2.1 GHz, 3 GHz, and 5 GHz, the UE 10 must
perform the reception process for all frequency bands.

Meanwhile, 1f the eNB 20 configures the control informa-
tion activation group as shown in FIG. 3 by considering
unnecessary power consumption and transmits the config-
ured control information activation group to the UE 10, the
UE 10 may recerve control information (i.e., PDCCH) regard-
ing a CC of the control information activation group, and
thereafter confirm a location of data information (..,
PDSCH) transmitted to the UE 10 by analyzing information
included 1n the control information (1.e., PDCCH) and con-
firm data information (1.e., PDSCH) of the location indicated
by the control information (i.e., PDCCH).

The UE 10 may confirm the location of the data informa-
tion transmitted to the UE 10 11 blind coding 1s performed on
both a common search space and a UE-specific search space
in a control region of CCs (1.e., the CC2 and the CC3) belong-
ing to the control information activation group. The UE 10
may reduce a range of CCs to be blind decoded by using the
control information activation group received from the eNB
20. The number of blind decoding attempts performed by the
UE 10 to recerve the control information 1s linearly 1n pro-
portion to 1s the number of CCs included 1n the control infor-
mation activation group.

Meanwhile, the UE 10 may receive the control information
according to predefined resources and transmission schemes
(1.e., predefined mapping from previous signaling) on the
basis of an assignment location of previous control informa-
tion, an assignment location of previous data, etc.

Therelfore, exemplary embodiments of the present inven-
tion 1includes a method for configuring the control informa-
tion activation group and the data information activation
group 1n downlink and for transmitting information on the
configured activation groups to the UE in the wireless com-
munication system.

FIG. 5 shows a control information activation group and a
data information activation group in downlink according to
an exemplary embodiment of the present invention. Referring
to FIG. 5, the eNB 20 may configure the same CC as a CC
having a DCI format for the UE 10 among all receivable CCs
(1.e., a CC1 to a CC5) or CCs (1.e., the CC2 and the CC4)
including control information (i.e., PDCCH) of at least one of
other CCs as the control information activation group.

Further, the eNB 20 may configure CCs including data
information (1.e., PDSCH) indicated by the control informa-
tion (1.e., PDCCH) of the control information activation
group as the data information activation group (also referred
to as a PDSCH active set). For example, as shown 1n FIG. 5,
CCs (1.e., the CC1, the CC2, the CC4, and the CC5) including
data information (1.e., PDSCH) indicated by control informa-
tion of CCs (1.e., the CC2 and the CC4) corresponding to the
control information activation group may be configured as the
PDSCH active set. The PDSCH active set may also be
referred to as a PDSCH monitoring set.

The eNB 20 transmits a control information activation
indicator and a data 1s information activation indicator to the
UE 10. The UE 10 receives the control information activation
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indicator and data information activation indicator. The UE
10 may recerve control information (1.e., PDCCH) existing 1n
CCs (1.e., the CC2 and the CC4) belonging to the control
information activation group by using the control information
activation indicator, and thereafter confirm the data informa-
tion (1.e., PDSCH) of CCs (1.e., the CC1, the CC2, the CCA4,
and the CC5) belonging to the data information activation
group by using the data information activation indicator with-
out having to confirm a location of the PDSCH transmitted to
the UE 10 by analyzing information included 1n the control
information (i.e., PDCCH).

In this case, the eNB 20 may transmit the control informa-
tion activation indicator and the data information activation
indicator to the UE 10, and by using the recerved information,
the UE 10 may receive only CCs belonging to the control
information activation group and the data information activa-
tion group. The UE 10 may perform blind decoding on con-
trol information existing in the CCs belonging to the control
information activation group and confirm data information
(1.e., PDSCH) of the CCs (1.e., the CC1, the CC2, the C(CA4,
and the CC5) belonging to the data information activation
group.

Consequently, the UE 10 recerves only the CCs belonging
to the control information activation group, e.g., the CC2 and
the CC3. Therefore, a missing region in which data informa-
tion cannot be recerved 1s not generated 1n the CCs belonging
to the control information activation group, e.g., the CC1, the
CC2, the CC4, and the CCS5.

If the data information activation group 1s configured and
used as described above, a small number of CC are recetved
and monitored, and thus a power consumption amount may
be decreased, and an error caused by a time difference gen-
crated when analyzing data information by using control
information may be decreased.

Parameters to be considered to construct the specific acti-
vation groups can be classified mto two types as follows.

First, the factors 1n determination of wireless communica-
tion capability when the eNB 20 intends to transmait data to the
UE 10 1n a wireless fashion are factors that commonly have an
cifect on information reliability for both control information
and data information. The factors include a power character-
1stic classified into transmit power, interference power, and
noise power; a radio frequency (RF) device characteristic
represented by an antenna pattern, the number of antennas, an
RF circuitry, or the like; a baseband transmission/reception
method and algorithm, such as OFDM, CDMA, channel cod-
ing, MIMO processing, or the like; and a channel environ-
ment expressed by a surrounding environment, a user loca-
tion, or the like.

Second, there are factors having different atfects according,
to an iformation characteristic. For example, the control
information and the data information may be transmitted
using different transmission methods as they are recerved by
the UE 10 for different purposes, and a quality of service
(QoS) value, such as a required data rate per unit time, may be
different between the control information and the data infor-
mation. In other words, QoS and a method for transmitting the
data information may change according to a required service
of an application program of the UE 10, but the control
information may not be significantly affected by such a
change.

In another aspect, if a user desires to receive a consistent
service but system reliability 1s low due to a resource usage
rate of the system, a surrounding environment change, etc.,
transmission and assignment of the control mnformation for
compensating this may change, whereas there may be no
elfect when transmitting the data information.
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In this case, the data information activation group may be a
sub-group of the i1s control mnformation activation group, or
the control information activation group may be a sub-group
ol the data information activation group, or the control infor-
mation activation group and the data information activation
group may have no inclusion relation.

In order to decrease a power consumption amount of the
UE 10, the control information activation group may be the
sub-group of the data information activation group. If only the
data information activation group 1s constructed without hav-
ing to configure the control mmformation activation group,
only CCs belonging to the data information activation group
are considered when the control information 1s assigned. That
1s, 1 the control information activation group 1s not con-
structed, the control information may be transmitted by using
a CC 1n the constructed data information activation group.

In addition, 1f the inclusion relation 1s not satisfied between
the control information activation group and the data infor-

mation activation group, an activated activation group of the
UE 10 can be defined as a union set of the two groups.

FI1G. 6 1s a tlowchart for configuring a control information
activation group according to an exemplary embodiment of
the present mvention. FIG. 7 shows a structure of an activa-
tion group for each layer according to an exemplary embodi-
ment of the present invention.

Referring to FIG. 6 and FIG. 7, only CCs capable of trans-
mitting control information are first selected from all CCs to
configure the selected CCs as a primary preliminary activa-
tion group (operation S610). As shown 1n FIG. 7, only CCs
(1.e., a CC1, a CC3, and a CC4) capable of transmitting the
control information are selected from all CCs (1.e., a CC1 to
a CC5) to configure the selected CCs as the primary prelimi-
nary control information activation group (operation S610).

Next, among the CCs belonging to the configured primary
preliminary activation group, CCs that can be transmitted or
received by the UE 10 are configured as a secondary prelimi-
nary control mformation activation group by considering a
device configuration condition of the UE 10 such as (1) an
operational frequency range of an RF device and/or (2) the
number of antennas (operation S620). As shown in FIG. 7,
among the primary preliminary control information activa-
tion group (1.¢., the CC1, the CC3, and the CC4), CCs (1.e., the
CC1 and the CC4) that can be transmitted/received by the UE
10 are configured as the secondary preliminary control infor-
mation activation group by considering, for example, the
device configuration condition of the UE 10.

Next, among characteristics of CCs of the secondary pre-
liminary activation group, one or more preferred assignment
activation groups can be finally configured by considering
several factors, 1.e., (1) a control information resource usage
rate, (2) transmit power, (3) recerve power in the UE, (4)
interference power or noise power or a sum of the two power
levels, (5) aratio of receive power to interference power in the
UE or aratio of receive power to interference power and noise
power, and/or (6) a format of transmissible control informa-
tion (operation S630). A group of the configured preferred
assignment CCs 1s referred to as an activation group for the
control information. As shown 1n FIG. 7, among the second-
ary preliminary control information activation group (1.€., the
CC1 and the CC4), the preferred assignment CC (1.e., the
CC1) 1s configured as the preferred assignment control infor-
mation activation group by considering a CC characteristic of
the secondary preliminary control information activation
group (1.¢., the CC1 and the CC4).

Next, the control information 1s assigned to the configured
preferred assignment CC (1.e., the CC1) (operation S640).
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Next, 1t 1s determined whether there 1s remaining control
information to be 1s assigned to the preferred assignment CC
(operation S650). In this case, if there 1s the remaiming control
information to be assigned to the preferred assignment CC, a
process of adding the preferred assignment CC (1.e., the CC4)
in the same manner as operation S630 except for the previ-
ously configured preferred assignment CC (1.e., the CC1)
(operation S660) and a process of assigning the control infor-
mation to preferred assignment CC added (operation S640)
may be repeated until the control information to be transmit-
ted 1s enftirely transmaitted.

In this case, a maximum amount of information that can be
assigned to the preferred assignment CC 1s derived from a
cost function defined by considering factors considered 11 the
secondary preliminary control information activation group
1s configured and factors used when the preferred assignment
CC 1s configured. The cost function may have an option such
as (1) minimization of the number of CCs (1.e., decrease of
power consumption) and/or (2) maximization of the number
of CCs (1.e., maximization ol a diversity gain, ensuring of
system reliability, etc).

Next, i there 1s no remaining control information to be
assigned to the preferred assignment CC, the preferred
assignment CCs (1.e., the CC1 and the CC4) to which the
control information 1s assigned are configured as the control
information activation group (operation S670).

FIG. 8 1s a flowchart for configuring a data information
activation group according to an exemplary embodiment of
the present mnvention. Referring to FIG. 8, among all CCs,
only CCs capable of transmitting data information are con-
figured as a primary preliminary data information activation
group (operation S710).

Next, among the CCs configured in the primary prelimi-
nary data information activation group, CCs that can be trans-
mitted or received by the UE 10 are configured as a 1s sec-
ondary preliminary data information activation group by
considering a device configuration condition of the UE 10,
such as (1) an operational frequency range of an RF device,
(2) the number of antennas, (3) memory capacity in the
device, and/or (4) a maximum operational clock count (op-
eration S720).

Next, among characteristics of CCs configured in the sec-
ondary preliminary data information activation group, one or
more preferred assignment CCs can be configured by consid-
ering several factors, 1.¢., (1) a control information resource
usage rate, (2) transmit power, (3) recerve power in the UE,
(4) interference power or noise power or a sum of the two
power levels, (5) a ratio of receive power to interference
power 1n the UE or a ratio of recerve power to interference
power and noise power, (6) a bandwidth, and/or (7) a pres-
ence/absence of control information transmission (operation
S730).

Next, the data information 1s assigned to the configured
preferred assignment CC (operation S740).

Next, 1t 1s determined whether there 1s remaining data
information to be assigned to the preferred assignment CC
(operation S750). In this case, 1f there 1s the remaining data
information to be assigned to the preferred assignment CC, a
process ol adding the preferred assignment CC 1n the same
manner as operation S730 except for the previously deter-
mined preferred assignment CC (operation S760) and a pro-
cess of assigning the data information to the preferred assign-
ment CC added (operation S740) may be repeated until the
data information to be transmitted is entirely transmatted.

In this case, a maximum amount of information that can be
assigned to the preferred assignment CC 1s derived from a
cost function defined by considering factors considered when
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the secondary preliminary data information activation group
1s configured and 1s factors used when the preferred assign-
ment CC 1s configured. The cost function may have an option
such as (1) minimization of the number of CCs (1.e., decrease
of power consumption) and/or (2) maximization of the num-
ber of CCs (1.e., maximization of a diversity gain, ensuring of
system reliability, etc).

Next, 1f there 1s no remaining data nformation to be
assigned to the preferred assignment CC, the preferred
assignment CCs to which the data information 1s assigned are

configured as the data information activation group (opera-
tion S770).

Meanwhile, the eNB 20 of FIG. 6, FIG. 7, and FIG. 8 or a
scheduler of the eNB 20 may configure a specific activation
group, for example, the control information activation group
and the data information activation group, 1n a case in which
a specific time elapses periodically, a case 1in which a specific
external condition for starting to construct the specific acti-
vation group 1s satisfied or an event occurs, and a case in
which a specific mnternal condition for starting to construct the
specific activation group 1s satisfied or an event occurs.

In this case, the case 1n which the specific external condi-
tion for starting to construct the specific activation group or
the event occurs may be a case 1n which a power characteristic
of the UE decreases to below a reference threshold or a
channel condition deteriorates to below a threshold or a
required service ol an application program of the UE 10
changes.

The case 1n which the specific internal condition for start-
ing to construct the specific activation group or the event
occurs may be a case 1 which system reliability decreases
due to a resource usage rate 1n the system, a surrounding
environment change, etc.

FIG. 9 shows an example of transmitting an activation
indicator individually for each CC of an activation group
according to an exemplary embodiment of the present inven-
tion.

Referring to FIG. 9, the eNB 20 may transmit the activation
indicator to the UE 10. The activation indicator 1s information
that individually indicates activation and deactivation of

respective CCs belonging to the activation group.
As shown 1 FIG. 9, among all CCs (1.e., a CC1 to a CC5),

only CCs (1.e., the CC1, the CC3, and the CC4) capable of
transmitting control information are selected to be configured
as a primary preliminary activation group. In this case, the
eNB 20 deactivates CCs (1.¢., the CC2 and the CCS) which are
not configured as the primary preliminary activation group.
That 1s, the eNB 20 transmits to the UE 10 an activation
indicator by setting a bit of the activation indicator to “1” 1f
the bit corresponds to a CC index of a CC that belongs to the
primary preliminary activation group and thus 1s activated
and by setting the bit to “0” 11 the bit corresponds to a CC
index of a CC that does not belong to the primary preliminary
activation group and thus 1s deactivated.

The activation indicator may be generated on the basis of
the primary preliminary activation group, or may be gener-
ated on the basis of a secondary preliminary activation group.
For example, if activated/deactivated CCs are expressed by 5
bits according to whether they belong to the primary prelimi-
nary activation group of FI1G. 9, the activation indication 1s set
to “10110”. In addition, if activated/deactivated CCs are
expressed by 5 bits according to whether they belong to the
secondary preliminary activation group of FIG. 9, the activa-
tion indication 1s set to “10010”.

Herein, the wireless communication system 1s a system
that may simultaneously use up to 5 CCs. In addition, 11 the
wireless communication system 1s a system supporting M
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CCs (where M=5), the activation indicator corresponding to
the CC may be configured with m bits. For example, if the UE
supports one PSC and 7 SSC, that 1s, in order to indicate 1s
activation/deactivation of 8 CCs, the activation indicator may
be configured to have a length o1 8 bits. In this case, according
to a characteristic of the PSC, an activation indicator for the
PSC may not be configured.

FIG. 10 1s a flowchart for transmitting an activation indi-
cator inan eNB according to an exemplary embodiment of the
present 1nvention.

Referring to FIG. 10, 1n a wireless communication envi-

ronment, the UE 10 may establish synchronization with the
eNB 20 and receive a master imnformation block (MIB)
through a physical broadcast channel (PBCH) 1n a specific

frequency band, or receive a system mformation block (SIB)
through a PDSCH. Through this process, the UE 10
exchanges basic control information for communication with
the eNB 20 and thus can be camped on to enter a state 1n which

communication with the eNB 20 is possible.
The eNB 20 or the scheduler of the eNB 20 collects infor-

mation that can be confirmed and used to construct or con-
figure a control information activation group or a data infor-
mation activation group through the camp-on process
(operation S1010). Examples of the information include a
device characteristic of the UE 10, e.g., a power characteris-
tic, an RF device characteristic, a baseband transmission/
reception scheme, an algorithm in use, an available CC, a
supportable service, the number of antennas, etc.

Next, the eNB 20 or the scheduler of the eNB 20 configures
an activation group according to the activation group con-
struction or configuration method described above with ret-
erence to FIG. 6, FIG. 7, and FIG. 8 by using the information
collected 1n the camp-on process and information previously
known to the eNB 20 (operation S1020).

Next, the eNB 20 or the scheduler of the eNB 20 transmuts
the activation mdicator configured in operation S1020 to the
UE 10 (operation S1030). The eNB 20 may transmit to the UE
10 the activation indicator i which activated/deactivated
CCs are expressed by 5 bits according to whether the CCs
belong to the activation group as described above with refer-
ence to F1G. 9.

In addition, if 8 serving cells are supported, the activation
indicator configured to have the length of 8 bits may be
transmitted to the UE 10. Herein, since the PSC 1s always 1n
the activation state, a 7-bit activation indicator may be trans-
mitted for the SSC which 1s not configured with the activation
indicator for the PSC.

The activation indicator may be transmitted to the UE 10
through the PDCCH or the PDSCH.

Further, the eNB 20 may transmit the activation indicator
by using radio resource control (RRC) signaling. Further-
more, alter constructing the activation indicator, the eNB 20
may transmit the activation indicator by using a higher layer
(L2 or higher) signaling, or by using an L1 signaling, or by
combining the L1 signaling and the higher layer (L2 or
higher) signaling. In this case, the constructed activation indi-
cator can be partially or entirely transmitted by selectively
applying one of the signaling mechanisms according to a
condition.

The higher layer (L2 or higher) 1s a higher layer of a
physical layer (1.e., an L1 layer), for example, an L2 layer
including a medium access control (MAC) layer or a radio
link control (RLC) layer, a packet data convergence protocol
(PDCP) layer, and a broadcast/multicast control (BMC)
layer, and an L3 layer including a radio resource control
(RRC) layer, etc.
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FIG. 11 15 a schematic view of a transmitter to transmit an
activation indicator according to an exemplary embodiment
of the present invention. Referring to FIG. 11, a transmuitter
1100 of the activation indicator 1includes a transcerver 1110
and a control unit 1120. The control unit 1120 includes an
activation group configuration unit 1124, and an activation 1s
indicator generation unit 1122. And the transceiver 1110
includes a message transmission umt 1112, and a message
reception unit 1114.

As described 1 FIG. 6 to FIG. 10, the activation group
configuration unit 1124 confirms CCs that can be activated by
using information collected in a camp-on process and nfor-
mation previously known to the eNB 20. Further, the activa-
tion group configuration unmt 1124 configures an activation
group from CCs that satisty a condition among the confirmed
CCs.

The activation indicator generation unit 1122 generates the
activation indicator on the basis of the configured activation
group as configured by the activation group configuration unit
1124, and delivers the generated activation indicator to the
message transmission unit 1112.

The message transmission unit 1112 recerves the activation
indicator from the activation indicator generation unit 1122,
and transmits the activation indicator to the UE 10. In this
case, as described above, the transceiver 1110 may transmuit
information on the configured CC group through a PDCCH or
a PDSCH, or may transmit the information by using higher
layer (L2 or higher) signaling or by using L1 signaling or by
combining the L1 signaling and the higher layer (L2 or
higher) signaling.

If the message transmission unit 1112 transmits the activa-
tion indicator by using the L2 signaling, the activation indi-
cator 1s a MAC protocol data unit (PDU), and 1s generated by
the activation indicator generation unit 1122. A method for
generating the activation indicator in a MAC PDU format by
the activation indicator generation unit 1122 will be described
below 1n detail with reference to FIG. 16.

The message reception unit 1114 recetves information
required to configure a control information activation group
or a data information activation group from the UE 10 by
performing the camp-on process with respect to the UE 10.
The information 1s a device characteristic of the UE 10 and,
for example, includes an RF device characteristic, a baseband
transmission/reception scheme, an algorithm 1n use, an avail-
able CC, a supportable service, the number of antennas, etc.
The message reception unit 1114 delivers the recerved infor-
mation to the activation group configuration unit 1122.

Hereinafter, an example of using OFDM and MIMO 1n the
wireless communication system according to an exemplary
embodiment of the present invention will be describe with
reference to FIG. 12. FIG. 12 shows a signal generation
structure of a downlink physical channel for transmitting an
activation indicator according to an exemplary embodiment
ol the present 1nvention.

Referring to FIG. 12, a signal generation structure 1200 of
a downlink physical channel includes a scrambler 1210, a
modulation mapper 1220, a layer mapper 1230, a precoder
1240, a resource element mapper 1250, and an OFDM signal
generator 1260.

The activation indicator 1s iput 1n a codeword format via
channel coding 1n downlink. In this case, bits which are input
in the codeword format via the channel coding 1n downlink
are scrambled by the scrambler 1210 and are then input to the
modulation mapper 1220.

The modulation mapper 1220 modulates the scrambled
bits 1nto a complex-valued modulation symbol. The layer
mapper 1230 maps the complex-valued symbol to one or a
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plurality of transmission layers. Thereafter, on respective
transport channels of an antenna port, the precoder 1240
performs precoding on the complex-valued modulation sym-
bol. Thereafter, the resource element mapper 1250 maps the
complex-valued modulation symbol for each of antennas, for
example, #1 to #8, to corresponding resource elements. In this
case, 1n the signal generation structure 1200 of the message
transmission unit 1115, resources of an OFDM symbol
(x-axis) and a subcarrier location (y-axis) are assigned by a
predefined rule as described above, and are multiplexed with
an eNB transmission frame at predefined frame timing.

Thereatter, the OFDM signal generator 1260 generates an
OFDM symbol for each antenna 1n a complex time domain.
The OFDM symbol 1n the complex time domain 1s transmiut-
ted through the antenna port.

FIG. 13 1s a flowchart for recerving an activation indicator
according to an exemplary embodiment of the present inven-
tion. Referring to FIG. 13, 1n operation S1310, the UE 10
receives the activation indicator. In operation 1320, the UE 10
activates at least one deactivated CC on the basis of the
recerved activation indicator, or deactivates at least one acti-
vated CC. In this case, the activation indicator can be
expressed by S baits.

Meanwhile, if the UE supports 8 serving cells, an 8-bit
activation indicator may be received. Herein, the UE may
receive the 7-bit activation indication for the SSC which 1s not
configured with the activation indicator for the PSC.

In operation S1330, the UE receives a PDCCH or PDSCH
transmitted from the eNB 20 by using the at least one acti-
vated CC, and then demodulates and analyzes the received

PDCCH or PDSCH. In other words, the UE cannot receive a
PDCCH or a PDSCH by using at least one deactivated CC. In
addition, since uplink scheduling grants are impossible when
using the deactivated CC, the UE cannot perform uplink data
transmission by using the deactivated CC.

Operation S1330 will be described 1n detail. It 1s assumed
herein that the UE supports 8 serving cells for example. In this
case, 1 the activation group 1s based on reception of the
PDCCH between the eNB and the UE, the UFE receives the
PDCCH by using a corresponding SSC 1ndicated as the acti-
vation state by confirming the 8-bit activation indicator, and
then 1s demodulates and analyzes the receitved control 1nfor-
mation.

In addition, 1f the activation group 1s based on reception of
the PDSCH between the eNB and the UE, the UE rece1rves the
PDSCH by using the corresponding SSC indicated as the
activation state by confirming the 8-bit activation indicator,
and then demodulates and analyzes the received data infor-
mation.

In addition, 1f the activation group 1s based on reception of
at least one of the PDCCH and the PDSCH between the eNB
and the UE, the UE receives the PDCCH or the PDSCH by
using the corresponding SSC indicated as the activation state
by confirming the 8-bit activation indicator. Then, the UE
demodulates and analyzes the received control information or
data information.

Meanwhile, as to the PDCCH, the UE may selectively
receive and demodulate the PDCCH by using a specific serv-
ing cell among the deactivated serving cells. Herein, demodu-
lation 1s a process of confirming whether the recerved
PDCCH 1s a PDCCH for the UE, and includes cyclic redun-
dancy check (CRC). In this case, the UE does not analyze the
control information included in the PDCCH received by
using the serving cell 1n the deactivation state.

Meanwhile, the UE may receive the activation indicator by
performing RRC signaling. Alternatively, the UE may receive
the activation indicator by using higher layer (L2 or higher)
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signaling or by using L1 signaling or by combining the L
signaling and the higher layer (L2 or higher) signaling.

By using a confirmed CC, the UE 10 confirms a region in
which data information 1s received and a region in which
control information 1s recetved. In this case, the region 1n
which the control information 1s recerved can be used to
conilrm the region 1n which the data information 1s recerved.

FIG. 14 shows a receiver to receive an activation indicator
according to an exemplary embodiment of the present mnven-
tion. Referring to FIG. 14, a receiver 1400 of the UE 1n the
wireless communication system includes a reception process-
ing unit 1410, an activation group confirmation unit 1420, and

an information analysis unit 1430.
A signal received through each antenna port 1s converted

into a signal of a complex time domain by the reception

processing unit 1410.
The activation group confirmation unit 1420 extracts a

serving cell index of a serving cell to be configured 1n the UE

from the converted signal by using RRC signaling of the eNB.
Further, the activation group confirmation unit 1420 extracts
index mapping information and the activation indicator,
which indicates activation/deactivation of a CC based on a
specific serving cell index, from a MAC message of the eNB.

The activation indicator may be constructed 1n a format of
a bitmap having a specific length. The length of the bitmap
may be determined variously, for example, 4 bits, 8 bits, eftc.
Each bit of the bitmap corresponds to or 1s mapped to a unique
serving cell index according to 1ts position. A position of a
specific bit of the bitmap may be fixedly determined by an
index of a supportable component carrier. The serving cell
may be a primary serving cell (PSC) or a secondary serving
cell (SSC). Further, the PSC may be fixedly determined.

For example, 1 the bitmap length 1s 8 bits, the serving cell
index of the serving cell to be configured 1n the UE 1s mapped
to a bit 1n a unique position on the bitmap of the activation
indicator. In this case, a specific position to which the serving
cell index uniquely corresponds must be previously known
between the UE and the eNB without additional signaling.

For another example, when the bitmap length 1s 4 bits, the
servmg cell index of 1s the serving cell to be configured 1n the
UE 1s mapped to the bitmap aiter being ordered according to
its sequence. For example, a bit with a lowest prionty indi-
cates activation/deactivation of a CC based on a smallest
serving cell index among serving cells configured 1n the UE.
Further, a bit with a next priority indicates activation/deacti-
vation of a CC based on a second smallest serving cell index
among the serving cells configured 1n the UE. In this case, a
specific order according to which the serving cell index of the
serving cells to be configured 1n the UE 1s ordered and
mapped to the bitmap must be previously known between the
UE and the eNB without additional signaling.

For another example, 1f the bitmap length 1s 4 bits, a spe-
cific bit position on the bitmap and corresponding to the
serving cell index of the serving cell to be configured 1n the
UE may be signaled from the eNB to the UE.

Detailed descriptions on the activation indicator and the
index mapping information will be described below.

The activation group confirmation unit 1420 confirms CCs
which are grouped in correspondence with specific informa-
tion. The activation group may differ depending on the spe-

cific information.

The information analysis unit 1430 confirms and analyzes
information on each CC 1n the confirmed activation group and
thus obtains control information or data information. The
information analysis unit 1430 may receive control informa-
tion (1.e., PDCCH) existing 1n a corresponding control infor-
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mation activation group and thereafter may confirm data
information (1.e., PDSCH) indicated by the control informa-
tion (1.e., PDCCH).

Further, the information analysis unit 1430 may receive
only CCs belonging to the control information activation
group and the data information activation group by using the
information, so that control mformation existing in a CC
belonging to the control information activation group 1s blind
decoded and data information of a CC belonging to the data
information activation group is confirmed.

Furthermore, the mnformation analysis unit 1430 confirms
activation/deactivation of each CC from the extracted activa-
tion indicator. Accordingly, the recerver 1400 monitors or
blind-decodes or receives selectively only a control channel
of an activated CC, and does not monitor or blind-decode or
receive a deactivated CC. When a specific downlink CC 1s
deactivated, the recerver 1400 no longer recerves a PDCCH
(downlink assignment and uplink grants) of a corresponding
serving cell. In addition, when the specific downlink CC 1s
deactivated under a cross carrier scheduling environment, the
receiver 1400 no longer has to receive downlink assignments
related to a UE-specific PDCCH search space.

The recerver 1400 of the UE of the wireless communica-
tion system 1s an apparatus for recerving a signal transmitted
from the message transmission unit 1112 described above
with reference to FIG. 11. Therefore, the receiver 1400 con-
sists of elements for performing signal processing which 1s
reverse to that of the transmaitter 1100.

Therefore, 1t shall be construed that unspecified elements
ol the receiver 1400 can be replaced with respective elements
for performing the signal process which 1s reverse to that of
FIG. 11. In addition, unspecified operations of the transmaitter
1100 can be performed by being constructed with elements
for performing operations which are reverse to those of the
receiver 1400 of FIG. 14.

Heremnafiter, a definition and type of a serving cell and an
activation indicator will be described 1n greater detail.

The serving cell 1s a cell 1n which the UE 1s currently
receiving a service. A 1s neighbor cell 1s a cell geographically
neighboring to the serving cell or a cell neighboring on a
frequency band. In order to perform transmission and recep-
tion of packet data by using a specific cell, the UE must first
complete configuration of a specific cell or CC. Herein, the
configuration 1s a state 1n which system information required
for data transmission/reception 1s completely received for a
cell or CC.

For example, the configuration may include an overall
process ol recetving common physical layer parameters
required for the data transmission/reception, or MAC layer
parameters, or parameters required for a specific operation in
an RRC layer. Thus, when the cell or the CC 1s completely
configured, the cell or the CC 1s 1n a state 1n which packet
transmission/reception becomes possible immediately as
soon as recerving signaling information indicating that packet
data can be transmitted.

Meanwhile, the cell 1n the completely configured state may
exist 1 an activation or deactivation state. The reason of
dividing the Conﬁguratlon state 1nto the activation state and
the deactivation state 1s to decrease battery consumptlon of
the UE by allowing the UE to monitor or receive a control
channel (1.e., PDCCH) and a data channel (1.e., PDSCH) only
when 1n the activation state. Herein, an initial state related to
activation immediately aiter the configuration is complete 1s
the deactivation state.

The activation 1s a state 1n which traffic data 1s transmitted
or recerved or 1n a ready state. The UE may monitor, blind-
decode, or receive the control channel (1.e., PDCCH) and the
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data channel (1.e., PDSCH) of an activated cell in order to
conilrm a resource (e.g., frequency, time, etc.) assigned to the
UE.

The deactivation 1s a state 1n which traffic data transmission
or reception 1s 1mpossible, and measurement or minimum
information transmission/reception is possible. The UE may
receive system information (SI) required to recerve a packet
from a deactivation cell. On the other hand, the UE does not
monitor, blind-decode, or receive the control channel (1.e.,

PDCCH) and the data channel (1.e., PDSCH) of the deactiva-
tion cell to confirm the resource (e.g., frequency, time, etc.)

assigned to the UE.

FIG. 15 1s a diagram for explaining the concept of a pri-
mary serving cell (PSC) and a secondary serving cell (SSC).
Referring to FIG. 15, a PSC 1305 1s one serving cell for

providing security inputs and NAS mobility information in an
RRC establishment or re-establishment state. According to
UE capabilities, at least one cell can be constructed to be a
group of serving cells together with the PSC 1505. The at least
one cell 1s referred to as an SSC 1520.

Therefore, the group of the serving cells configured for one
UE may be constructed only with one PSC 1505, or may be
constructed with one PSC 1505 and at least one SSC 1520.

Intra-frequency neighbor cells 1500 and 1510 of the PSC
1505 and/or mtra-frequency neighbor cells 1515 and 1525 of
the SSC 1520 belong to the same carrier frequency. Inter-
frequency neighbor cells 1530, 1535, and 1540 of the PSC
1505 and the SSC 1520 belong to different carrier frequen-
cies.

A downlink CC corresponding to the PSC 1505 1s referred
to as a downlink primary component carrier (DL PCC). An
uplink CC corresponding to the PSC 1503 1s referred to as an
uplink primary component carrier (UL PCC). A downlink CC
corresponding to the SSC 1520 1s referred to as a downlink
secondary component carrier (DL SCC). An uplink CC cor-
responding to the SSC 1520 1s referred to as an uplink sec-
ondary component carrier (UL SCC). One serving cell may

correspond to only one DL CC, or may correspond to both the
DL CC and the UL CC.

A PCC 1s a CC 1 which the UE mitially establishes a
connection (or RRC connection) among several CCs. The
PCC serves as a connection (or RRC connection) for signal-
ing with respect to a plurality of CCs, and 1s a special CC for
managing UE context which 1s connection information
related to the UE. Further, when the PCC establishes the
connection with the UE and thus 1s in an RRC connected
mode, the PCC always exists 1n an activation state.

The SCC 1s a CC assigned to the UE other than the PCC.
The SCC1s an extended carrier for additional resource assign-
ment, etc., 1n addition to the PCC, and can be divided into an
activation state and a deactivation state. The SCC 1s mnitially
in the deactivation state.

The PSC 1505 and the SSC 1520 have the following char-
acteristics.

First, the PSC 1503 1s used for Physical Uplink Control
Channel (PUCCH) transmission.

Second, the PSC 1505 1s activated always, whereas the
SSC 1520 1s activated/deactivated according to a specific
condition.

Third, 1f the PSC 1505 experiences a radio link failure
(RLF), an RRC reconnection 1s triggered, whereas 11 the SSC
1520 experiences the RLF, the RRC reconnection 1s not trig-
gered.

Fourth, the PSC 1503 may change by a security key change
or a handover process accompanied by a random access chan-

nel (RACH) process.
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As such, reconfiguration, adding, and removal processes of
the SSC 1520 can be performed by the RRC layer. When the

SSC 1520 1s newly added, RRC signaling can be used to
transmit system information of a dedicated SSC.

Heremaftter, an activation group i1s defined as a group
including at least one of a 1s control information activation
group and a data information activation group. Further, an
activation indicator 1s defined as information for indicating an
activated CC and/or a deactivated CC on the basis of the
activation group. In another aspect, the activation indicator 1s
defined as information for indicating a CC to be monitored by
the UE and a CC not necessarily monitored by the UE. The
activation indicator indicates activation and deactivation indi-
vidually for each CC belonging to the activation group. As
described above, a DL CC may construct one serving cell, and
the DL CC and a UL CC may construct one serving cell by
being linked with each other.

Therefore, activation/deactivation of the CC 1s 1dentical to
the concept of activation/deactivation of the serving cell. For
example, 11 1t 1s assumed that a serving cell 1 1s constructed
with a DL CC1, activation of the serving cell 1 implies acti-
vation of the DL CC1. If it 1s assumed that a serving cell 2
consists of a DL CC2 and a UL CC2 with established con-
nections, activation of the serving cell 2 implies activation of
the DL CC2 and the UL CC2. Further, a PSC corresponds to
a PCC, and an SSC corresponds to an SCC.

FIG. 16 shows a MAC protocol data unit (PDU) including,
an activation indicator according to an exemplary embodi-

ment of the present mvention. The activation indicator
included in the MAC PDU 1s applied to both Case 1 and Case
2. The MAC PDU can also be referred to as a transport block
(ITB).

Referring to FIG. 16, a MAC PDU 1600 includes a MAC
header 1610, one or more MAC control elements
1620, .. ..,1625, one or more MAC service data units (SDUs)
1630-1, ... ,1630-m, and a padding 1640.

The MAC control elements 1620 and 1625 are a control
message generated by a MAC layer.

The MAC SDUs 1630-1, ... .,1630-m are the same as an
RLC PDU delivered 1n a radio link control (RLC) layer. The
padding 1640 1s a specific number of bits appended to allow
the MAC PDU to have a specific size. The MAC control
clements 1620, . . ,1625, the MAC SDUs
1630-1, . .. .,1630-m, arrd the padding 1640 are also collec-
tively referred to as a MAC payload.

The MAC header 1610 includes one or more sub-headers
1610-1, 1610-2, . . . ,1610-K, each of which corresponds to
one MAC SDU or one MAC control element IMAC CE)ora
padding. The MAC CE may include a least signmificant bit
(LSB) by which the serving cells may be sorted. Further, the
L.SB may include an indicator of the PSC. An order of the
sub-headers 1610-1, 1610-2, . . . ,1610-K 1s identical to an
order of corresponding MAC SDUs, MAC control elements,
or paddings in the MAC PDU 1600.

Each of the sub-headers 1610-1, 1610-2, ... .,1610-K may
include 4 fields, 1.e., R, R, E, and LCID, or may include 6
fields, 1.e., R, R, E, LCID, F, and L. A sub-header including
the 4 fields 1s a sub-header corresponding to the MAC control
clement or the padding. A sub-header including the 6 fields 1s
a sub-header corresponding to the MAC SDU.

The logical channel 1D (LCID) field 1s an identification
field for identifying a logical channel corresponding to the
MAC SDU or for identifying a type of the MAC control
clement or the padding. The LCID field may have a length of
S bats.

For example, the LCID field identifies whether a corre-

sponding MAC control element 1s a surplus power MAC
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control element for transmitting surplus power, whether it 1s
a feedback request MAC control element for requesting feed-
back information to the UE, whether 1t 1s a discontinuous
reception (DRX) command MAC control element regarding a
discontinuous reception command, and whether 1t 1s a con-
tention resolution identity MAC control element for 1s con-
tention resolution between UEs.

In addition, according to an exemplary embodiment of the
present invention, the LCID field can i1dentity whether the
corresponding MAC control element 1s a MAC control ele-
ment including the activation indicator. One LCID field exists

for each of the MAC SDU, the MAC control element, or the
padding. Table 1 shows an example of the LCID field.

TABLE 1
Index LCID values
00000 CCCH
00001-01010 Identity of the logical channel
01011-10111 Reserved
11000 UL CC activation/deactivation
11001 DI CC activation/deactivation
11010 Power Headroom Report
11011 C-RNTI
11100 Truncated BSR
11101 Short BSR
11110 Long BSR
11111 Padding

Referring to Table 1, an LCID field value of 11000’ indi-

cates that the corresponding MAC control element 1s a MAC
control element including an activation indicator related to
activation/deactivation of a UL CC. In addition, an LCID field
value of ‘11001” indicates that the corresponding MAC con-
trol element 1s a MAC control element including an activation
indicator related to activation/deactivation of a DL CC. Table

1 shows a case 1in which the UL CC and the DL CC are
independently activated/deactivated.
However, activation/deactivation of the UL CC may be

determined depending on activation/deactivation of the DL
CC, which 1s shown 1n Table 2 below. Table 2 shows another

example of the LCID field.

TABLE 2
Index LCID values
00000 CCCH
00001-01010 Identity of the logical channel
01011-11000 Reserved
11001 CC activation/deactivation
11010 Power Headroom Report
11011 C-RNTI
11100 Truncated BSR
11101 Short BSR
11110 Long BSR
11111 Padding

Referring to Table 2, an LCID field value of ‘11001’ indi-
cates that the corresponding MAC control element 1s a MAC
control element including the activation indicator, and this
concurrently indicates activation/deactivation of the DL CC
and the UL CC.

That 1s, activation/deactivation of a DL CC and a UL CC
with connections established by the SIB2 is indicated, 1.¢.,
activation/deactivation of the serving cell i1s indicated.
Herein, since the PSC 1s always 1n the activation state, acti-

vation/deactivation of the serving cell indicates activation/
deactivation of the SSC.
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The activation indicator i1s information transmitted from
the eNB to the UE, and may be a message generated in a MAC
layer or amessage generated in an RRC layer. By referring the
activation indicator, the UE can be aware of which CC will be
activated among all CCs that can be provided by the eNB or
among CCs configured in a UE-specific manner.

However, since the PCC 1s a CC used as a criterion 1n
communication using multiple CCs, the PCC 1s activated,
generally, for the purpose of synchronization maintenance,
system 1nformation reception, etc. In this case, the eNB and
the UE may implicitly agree that the PCC 1s activated always
(hereimnatter, Case 1). In addition, a case of explicitly indicat-
ing activation/deactivation of a CC even if the CC 1s the PCC
may also be considered (hereinafter, Case 2). In Case 1, the
activation indicator does not have to explicitly indicate acti-
vation of the PCC. Theretore, the UE operates by regarding
that the PCC 1s activated, unless there 1s a special condition.

On the other hand, 1n Case 2, the activation indicator
explicitly indicates activation of the PCC. Since different
activation indicators are used in Case 1 and Case 2, each case
will be separately described hereinatter.

1. Structure of Activation Indicator for Case 1

The activation indicator for Case 1 explicitly indicates
activation/deactivation of an SSC. However, the activation
indicator for Case 1 1s constructed under the premise that a
PSC 1s basically activated. Therefore, even 1f the activation
indicator for Case 1 does not additionally indicate activation/
deactivation of the PSC, the UE recognizes activation of the
PSC.

FIG. 17 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the number of SSCs supportable
in the system 1s equal to the number of bits of the MAC
control element including the activation indicator, and all
supportable SSCs are configured in the UE.

Referring to FIG. 17, a MAC control element 1700 1includ-
ing the activation indicator has a length of 8 bits, and will be
hereinafter referred to as an activation indication MAC con-
trol element. Bits at respective positions of the activation
indication MAC control element 1700 correspond to indices
of SSCs 1n a one-to-one manner. For example, a serving cell
index 1 corresponds to an 8” bit from the left, and a serving
cell index 2 corresponds to a 7 bit from the left. Herein, the
serving cell index 1s a serving cell index for an SSC because
a PSC 1s implicitly regarded as being activated between the
UE and the eNB and thus the PSC 1s not additionally included
in the activation indicator. An index of the PSC is always
given a specific value, and 1t 1s assumed herein that the index
1s given 0. Therefore, the serving cells are indexed with 1, 2,
3,...,8, which are the remaining indices other than 0, 1.e., the
index of the PSC. Herein, the index of the serving cell may be
a logical index determined relatively for each UE, or may be
a physical index for indicating a cell of a specific frequency
band.

Since the activation indication MAC control element 1700
has a length of 8 bits, the activation indicator can indicate
indices o1 8 SSCs in total. That 1s, the activation indicator can
cover up to 8 CCs capable of indicating activation/deactiva-
tion.

Here, all supportable SSCs are configured in the UE. In this
case, 8 SSCs are configured 1n the UE. The activation 1indica-
tion MAC control element 1700 1s ‘11001001°, and respec-
tive bits correspond to serving cell indices {8, 7, 6, 5, 4, 3, 2,
1} from the left. Therefore, the activation indicator indicates
activation of CCs corresponding to the serving cell indices {1,
4,7, 8} and indicates deactivation of CCs corresponding to
the serving cell indices {2, 3, 5, 6 }. Herein, since the serving




US 9,131,482 B2

25

cell index 0 1indicates a PSC, even though it 1s notindicated by
the activation indication MAC control element 1700, the PSC
1s implicitly regarded as being activated. An order of a serving
cell index corresponding to a position of each bit of the
actrvation indication MAC control element 1700 1s for exem-
plary purposes only, and the serving cell index does not have
to be arranged in the order of FIG. 17 and thus may be
arranged 1n another order.

However, 11 there 1s no additional signaling, the UE and the
eNB have to know an order according to which each serving
cell index corresponds to each bit of the activation indication
MAC control element 1700. The order 1s an order according
to which a serving cell index of a serving cell configured in the
UE 1s mapped to each bit of the activation indication MAC
control element 1700. For example, a bit with a lowest prior-
ity indicates activation/deactivation of a CC based on a lowest
serving cell index among serving cells configured 1n the UE.
A bit with a next priority indicates activation/deactivation of
a CC based on a second lowest serving cell index among the
serving cells configured 1n the UE. The order 1s not addition-
ally reported by the eNB to the UE, and is determined by the
same rule.

FIG. 18 shows a MAC control element 1including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the number of SSCs supportable
in the system 1s equal to the number of bits of the MAC
control element including the activation indicator, and only
some of the supportable SSCs are configured 1n the UE.

Referring to FIG. 18, bits of an activation indication MAC
control element 1800 are sequentially mapped with all serv-
ing cell indices {1, 2, 3,4, 5, 6, 7, 8}, respectively. Indices of
serving cells configured in the UE are {3, 5, 6, 7}, and among
them, indices of activated is serving cells are {3, 7} and
indices of deactivated serving cells are {5, 6}. Bits corre-
sponding to the indices {1, 2, 4, 8} of the serving cells not
configured in the UE are set to 0, and may always be set to 0.
Bits corresponding to the activated serving cell indices {3, 7}
are set to 1. Bits corresponding to the deactivated serving cell
indices {5, 6} are set to 0. Therefore, the activation indication
MAC control element 1800 1s expressed by ‘01000100°.

As such, a bit corresponding to an index of a serving cell
not configured 1n the UE 1s set to 0 as 1n a case 1n which the
serving cell 1s deactivated. In this case, the UE 1gnores the bit

corresponding to the index of the serving cell not configured
in the UE.

FI1G. 17 and FIG. 18 show cases 1n which the total number
of SSCs supportable in the system 1s equal to the total number
ol bits of the activation indication MAC control element.
However, if the total number of supportable SSCs 1s less than
the total number of bits of the activation indication MAC
control element, there 1s a need to determine how to utilize the
remaining bits of the activation indication MAC control ele-
ment. This will be described below with reference to FI1G. 19.

FIG. 19 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the number of SSCs supportable
in the system 1s less than the number of the MAC control
clement including the activation indicator.

Referring to FI1G. 19, an activation indication MAC control
clement 1900 includes at least one R field 1905. If the number
of SSCs supportable in the system 1s k and the number of bits
of the activation indication MAC control element 1900 1s m,
then (m-k) bits, having a length corresponding to the number
of remaining bits 1n the activation indication MAC control
element 1900, are reserved as the R field 1905 for other
usages (€.g., ausage of activating/deactivating a UL CC inde-
pendently from a DL CC). For example, 11 m=8 and k=4, 1s
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since 4 bits (1.e., 8-4) are not used for a serving cell index,
these bits are constructed as the R field 1905.

Therefore, the activation indication MAC control element
1900 1s expressed by ‘RRRR1001°, and the remaining 4 bits
(1.e., °1001”) other than the R field 1905 respectively corre-
spond to serving cell indices of the SSCs supportable 1n the
system in an order of {4, 3, 2, 1}. That is, an order according
to which the serving cell indices are mapped to the 4 bits 1s
determined on the basis of the serving cell indices of the SSCs
supportable in the system.

According to the number o1 SSCs configured in the UE, the
4 bits indicate different information as follows. It the 4 bits
are ‘abcd’, the serving cell indices {4, 3, 2, 1 }sequentially
correspond to the bits a, b, ¢, and d.

For example, 1t 1s assumed that all SSCs supportable in the
system are configured 1n the UE. Since the 4 bits are *1001°
(a=d=1, b=c=0), this indicates that only CCs corresponding
to the serving cell indices {1, 4} are activated, and CCs
corresponding to the remaining serving cell indices {2, 3} are
deactivated. Herein, since a serving cell index 0 indicates a
PSC, 1t 1s not indicated in the activation indication MAC
control element 1900, but 1t 1s implicitly regarded as being
activated.

For another example, it 1s assumed that only SSCs having
the serving cell indices {4, 3, 1} are configured in the UE
among the SSCs supportable in the system. Since an SSC
having the serving cell index {2} is not conﬁgured in the UE,
among the 4 bits, a bit corresponding to the serving cell index
{21 (i.e., the bit ¢) is set to 0, and may always be set to 0, such
as ‘ab0d’. In this case, the UE 1gnores the bit ¢ corresponding
to the serving cell not configured 1n the UE. Further, since the
4 bits are ‘1001° (a=d=1, b=0), CCs corresponding to the
serving cell indices {1, 4} are activated, and a CC correspond-
ing to the serving cell index {3} is deactivated.

As such, if an SSC of the serving cell index {3} corre-
sponding to the bit ¢ 1s configured 1n the UE, ¢=0 indicates
deactivation of the SSC. In this case, the UE does not 1gnore
the bit ¢, but determines whether the bit 1s set to 0 or 1.
Otherwise, if the SSC of the serving cell index {3} corre-
sponding to the bit ¢ 1s not configured 1n the UE, ¢c=0 indicates
non-configuration of the SSC. Since the UE can recognize
that the bit ¢ 1s O 1n any case, the UE 1gnores the bit c.

FIG. 20 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present mnvention. Here, a serving cell index 1s an index of
a physical center frequency of each serving cell (or CC), and
the number of SSCs supportable in the system 1s equal to the
number of bits of the MAC control element including the
activation indicator.

Referring to FIG. 20, an activation indication MAC control
clement 2000 including the activation indicator has a length
of 8 bits. Each bit of the activation indication MAC control
clement 2000 corresponds to a frequency index Fi1 of an SSC
1in a one-to-one manner. For example, frequency indices 1 and
4 of the SSC respectively correspond to an 8” bit and a 47 bit
of the activation indication MAC control element 2000.
Herein, F1 denotes an index for a center frequency 1of the SSC
(or CC). For example, F1, F2, and F3 are frequency indices
indicating 100 MHz, 120 MHz, and 140 MHz, respectively.
Of course, this 1s for exemplary purposes only, and a fre-
quency size 1s not necessarily increased in an ascending order
of a frequency index. The frequency size may be decreased or
may be defined randomly or without any order or relation to
the other frequency sizes.

If a PSC 1s always activated between the eNB and the UE,
the activation indicator does not have to additionally indicate
a Ifrequency index for the PSC. Therefore, the activation 1s
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indication MAC control element 2000 can indicate activa-
tion/deactivation regarding up to 8 SSCs. I the frequency
index of the PSC 1s F0, frequency indices of the remaining
SSCs can be given to F1 to F8. Therelfore, as shown 1n FIG.
20, the frequency indices F1 to F8 are sequentially mapped
respectively from an 8” bit to a 1° bit of the activation indi-
cation MAC control element 2000.

Frequency indices of SSCs supportable 1n the system are
{F1, F2, F3, F4, F5, F6, F7, F8}, and all of the SSCs are
configured 1n the UE. Among them, frequency indices of
activated SSCs are {F1, F4, F7, F8}. Therefore, the activation
indication MAC control element 2000 1s expressed by
‘11001001°.

However, this 1s for exemplary purposes only, and thus the
frequency 1indices F1 to F8 can be sequentially mapped
respectively from the 1% bit to the 8” bit of the activation
indication MAC control element 2000, or may be randomly
mapped.

FI1G. 21 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present mnvention. Here, a serving cell index 1s an index of
a physical center frequency of each serving cell, and the
number of SSCs supportable 1n the system 1s less than the
number of bits of the MAC control element including the
actrvation indicator.

Referring to FIG. 21, an activation indication MAC control
clement 2100 1includes at least one R field 2105. If the number
of SSCs configured 1n the UE 1s k and the number of bits of the
activation indication MAC control element 2100 1s m, then
(m-k) bits, having a length corresponding to the number of
remaining bits 1n the activation indication MAC control ele-
ment 2100, are reserved for other usages (e.g., a usage of
activating/deactivating a UL CC independently from a DL
CC). For example, if the number of bits of the activation
indication MAC control element 2100 1s 8 and the maximum
number of serving cells supportable in the 1s system 1s 4, since
4 bits (1.e., 8—4) are not used for a frequency index of an SSC,
these bits are constructed as the R field 2105.

Therefore, the activation indication MAC control element
2100 1s expressed by ‘RRRR1001°, and the remaining last 4
bits other than the R field 2105 respectively correspond to
frequency indices {F4, F3,F2, F1} of the SSC supportable in
the system. Since the last 4 bits are *1001°, this indicates that
only CCs corresponding to the frequency indices {F4,F1} are
activated, and CCs corresponding to the remaining frequency
indices {F3, F2} are deactivated. Herein, since the frequency
index FO indicates a PSC, even through 1t 1s not indicated by
the activation indicator, the PSC 1s implicitly regarded as
being activated. However, the mndex of the PSC 1s not neces-
sarily F0, and thus can be given to another index. In this case,
the index of the PSC 1s excluded from the activation indicator.

Meanwhile, 1f the number of SSCs configured in the UE 1s
less than the maximum number of CCs supportable in the
system, a bit corresponding to a frequency index of a non-
configured SSC 1n the activation indication MAC control
clement 2100 1s set to 0. In this case, the UE 1gnores the bit
corresponding to the SSC not configured in the UE.

Although 1t 1s described herein that the number of R fields
2105 15 4, this for exemplary purposes only, and thus the R
ficld 2105 may not exist or the number of R fields 2105 may
be greater (or fewer) than or equal to 4.

FI1G. 22 shows a MAC control element 1including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the number o1 SSCs configured in
the UE 1s less than the number of SSCs supportable 1n the
system. Herein, whether the number of supportable SS5Cs 1s
equal to or different from the number of bits of an activation
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indication MAC control element 1s not a matter of concern 1n
particular. However, for convenience ol explanation, it 1s
assumed that the number of supportable SSCs 1s less than the
total number of bits of the activation indication MAC control
element, and the activation indication MAC control element
includes at least one R field.

Referring to FIG. 22, an activation indication MAC control
clement 2200 1includes 4 R fields 22035 and 4 bits. The number
of SSCs supportable 1n the system 1s 4, and serving cell
indices of the SSCs are {4, 3, 2,1}. Among the 4 SSCs, x cells
are configured in the UE (where x=4). In this case, an order of
mapping the serving cell indices to the 4 bits 1s determined on
the basis of serving cell indices for the x SSCs and 1s not
determined on the basis of the serving cell indices of the 4
SSCs supportable 1n the system.

If serving cell indices of 3 SSCs configured 1n the UE are
{4, 3, 1}, any 3 bits out of the 4 bits indicate activation/
deactivation of the 3 SSCs, and the remaiming 1 bit 1s setto 0,
and may always be set to 0. For example, if the 4 bits are
‘abcd’, the bit a 1s 0, and the remaining bits b, ¢, and d
correspond to the serving cell indices of the 3 SSCs. In the
example of FIG. 22, the serving cell indices {4, 3, 1} sequen-
tially correspond to the bits b, ¢, and d, respectively. Since
bed=101, the activation indication MAC control element
2200 mndicates activation of CCs corresponding to the serving
cell indices {4, 1} and indicates deactivation of a CC corre-
sponding to the serving cell index {3}. Of course, this is for
exemplary purposes only, and thus any one of the bits b, ¢, and
d can be set to 0. For example, 1f ¢=0, this example 1s the same
as the example of FIG. 19.

Although 1t 1s described herein that the number of R fields
2205 15 4, this 1s for exemplary purposes only, and thus the R
field 2205 may not exist or the number of R fields 2205 may
be greater than (or fewer than) or equal to 4.

FIG. 23 shows a MAC control element including an acti-
vation 1indicator according 1s to an exemplary embodiment of
the present invention. Here, the number o1 SSCs configured in
the UE 1s less than the number of SSCs supportable 1n the
system, and a serving cell index 1s an index of a physical
center frequency of each serving cell.

Reterring to FIG. 23, an activation indication MAC control
clement 2300 1includes 4 R fields 23035 and 4 bits. The number

of SSCs supportable 1n the system 1s 4, and frequency indices
of the SSCs are {F4, F3,F2, F1}. Among the 4 SSCs, x cells
are configured in the UE (where x=4). In this case, an order of
mapping the serving cell index to the 4 bits 1s determined on
the basis of serving cell indices for the x SSCs and 1s not
determined on the basis of the serving cell indices of the 4
SSCs supportable in the system.

If frequency indices of 3 SSCs configured 1n the UE are
{F4, F3, F1}, any 3 bits out of the 4 bits indicate activation/
deactivation of the 3 SSCs, and the remaiming 1 bit 1s set to 0,
and may always be set to 0. For example, if the 4 bits are
‘abcd’, the bit a 1s 0, and the remaining bits b, ¢, and d
correspond to the serving cell indices of the 3 SSCs. In the
example of FIG. 23, the frequency indices {F4, F3, F1}
sequentially correspond to the bits b, ¢, and d, respectively.
Since bcd=101, the activation indication MAC control ele-
ment 2300 indicates activation of CCs corresponding to the
frequency indices {F4, F1} and indicates deactivation of a CC
corresponding to the frequency index {F3}. Of course, this is
for exemplary purposes only, and thus any one of the bits b, c,
and d can be set to 0. For example, 11 ¢=0, this example 1s the
same as the example of FIG. 21.

Although 1t 1s described herein that the number of R fields
2305 15 4, this 1s for exemplary purposes only, and thus the R
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field 2305 may not exist or the number of R fields 2205 may
be greater (or fewer) than or equal to 4.

FI1G. 24 shows a MAC control element including an acti-
vation indicator according 1s to an exemplary embodiment of
the present invention. Here, the eNB reports to the UE that
respective bits of an activation indication MAC control ele-
ment correspond to serving cell indices arranged 1n a specific
order by using RRC signaling, and the number of SSCs con-
figured 1n the UE 1s equal to the number of SSCs supportable
in the system. Herein, whether the number of supportable
SSCs 15 equal to or different from the number of bits of the
activation indication MAC control element 1s not a matter of
concern 1n particular. However, for convenience of explana-
tion, 1t 1s assumed that the number of supportable SSCs 1s less
than the total number of bits of the activation indication MAC
control element, and the activation indication MAC control
clement includes at least one R field.

Referring to FI1G. 24, an activation indication MAC control
clement 2400 includes 4 R fields 2405 and 4 bats. "

I'he number
of SSCs supportable 1 the system 1s 4, and serving cell
indices of the SSCs are respectively {4, 3, 2, 1}, and all of
them are configured in the UE.

In FIG. 17 to FIG. 23, 1t 15 assumed that a correspondence
relation between a bit and a serving cell index 1s previously
known between the eNB and the UE without additional sig-
naling. Unlike this, in FIG. 24, index mapping information for
indicating a mapping relation between a bit position and a
serving cell index of an SSC supportable 1n the system 1s
transmitted by the eNB to the UE. The UE receives the index
mapping information, and determines the mapping relation
between the bit position and the serving cell index by using
the index mapping information. Thereatter, 11 the eNB con-
firms that the UE recerves the index mapping information, the
eNB transmits the activation indicator to the UE. The mdex
mapping information may be any one of a MAC message, an
RRC message, and a physical layer message.

For example, 11 the 4 bits are ‘abcd’, the bits a, b, ¢, and d
respectively correspond to 4 serving cell indices. According,
to the mdex mapping information of FIG. 24, the serving 1s
cell index {1} is mapped to the bit a, the serving cell index {2}
is mapped to the bit b, the serving cell index {4} is mapped to
the bit ¢, and the serving cell index {3} is mapped to the bit d.

The UE determines a serving cell index to be mapped to
cach bit position on the basis of the index mapping informa-
tion, and then determines activation/deactivation of each SSC
on the basis of the activation indication MAC control element
2400 1ncluding the activation indicator. The remaining 4 bits
other than the R field 2405 in the activation imdication MAC
control element 2400 are abcd=1100. Theretore, the activa-
tion 1ndication MAC control element 2400 1ndicates activa-
tion of CCs corresponding to the serving cell indices {1, 2}
and indicates deactivation of CCs corresponding to the serv-
ing cell indices {3, 4}. Accordingly, the UE does not receive
the CCs corresponding to the serving cell indices {3, 4} but
receives the CCs corresponding to the serving cell indices {1,
2!,

FIG. 25 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the eNB reports to the UE that
respective bits of an activation indication MAC control ele-
ment correspond to serving cell indices arranged 1n a specific
order by using RRC signaling, and the number of SSCs con-
figured 1n the UE 1s less than the number o1 SSCs supportable
in the system. Herein, whether the number of supportable
SSCs 15 equal to or different from the number of bits of the
actrvation indication MAC control element 1s not a matter of
concern 1n particular. However, for convenience of explana-
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tion, 1t 1s assumed that the number of supportable SSCs 1s less
than the total number of bits of the activation indication MAC
control element, and the activation indication MAC control
clement 1ncludes at least one R field.

Reterring to FIG. 25, an activation indication MAC control
clement 2500 includes 4 R fields 2505 and 4 bits. The number
of SSCs supportable 1n the system 1s 4, and serving cell
indices ofthe SSCs are respectively {4,3, 2, 1}. Among them,
SSCs corresponding to {2, 4, 3} are configured in the UE.

The eNB first transmits index mappmg information to the
UE. If the 4 bits are ‘abcd’, mapping between SSCs support-
able 1 the system can be achieved as follows. That 1s, the
serving cell index {1} is mapped to the bit a, the serving cell
index {2} is mapped to the bit b, the serving cell index {4} is
mapped to the bit ¢, and the serving cell index {3} is mapped
to the bit d. That is, a mapping relation of abcd< {1, 2, 4, 3}
1s satisfied.

However, since the SSC having the serving cell index {1}
1s not configured in the UE, the bit a 1s set to 0. Since the
remaining bits are bcd=100, the activation indication MAC
control element 2500 indicates activation of the SSC having
the serving cell index {2} and indicates deactivation of the
SSCs having the serving cell indices {3, 4}.

2. Structure of Activation Indicator for Case 2

Unlike 1n Case 1, an activation indicator for Case 2 not only
includes an SSC but also explicitly includes indication of
activation/deactivation of a PSC. Therefore, at least one bit of
an activation indication MAC control element corresponds to
a serving cell index, and 1n this sense, the structure of the
activation indicator for Case 2 1s different from that of Case 1.
Hereinatter, a serving cell includes both the PSC cell and the
SSC. In addition, a serving cell index refers to both a serving
cell index of the PSC and a serving cell index of the SSC. A
frequency imndex and the serving cell index of the PSC may be
determined differently for each UE and/or for each eNB.
However, except for a special case, for consistency of overall
explanations herein, the serving cell index of the PSC1s 0 and
the frequency index of the PSC 1s FO.

FIG. 26 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the number of serving cells sup-

portable 1n the system 1s equal to the number of bits of an
activation indication MAC control element, the number of all
supportable serving cells 1s 8, and 8 serving cells are config-
ured 1n the UE.

Referring to FIG. 26, an activation indication MAC control
clement 2600 has a leng‘[h of 8 bits. Bit positions of the
activation indication MAC control element 2600 respectively
correspond to serving cell indices in a one-to-one manner.
Herein, the serving cell index comprises a serving cell index
of an SSC or a PSC. The example of FI1G. 26 1s different from
the example of FIG. 17 1n that the serving cell index explicitly
corresponds to each bit of the activation indication MAC
control element 2600. Therefore, the serving cell indices are
givento 0,1,2,3,...,7.

Since the activation indication MAC control element 2600
has a length of 8 bits, the activation indicator can indicate one
PSC 1index and 7 SSC 1ndices. That 1s, the activation indicator
can cover up to 8 CCs capable of indicating activation/deac-
tivation.

IT all supportable serving cells are configured 1n the UE,
then 8 serving cells are configured in the UE. The activation
indication MAC control element 2600 1s ‘110010017, and bits
from the left respectively correspond to serving cell indices
17,6,5,4,3,2,1, 0}
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Herein, the index of one PSC 1s set to a fixed value, 1.e., O.
Further, the PSC may always be set to the activation state.
Accordingly, the activation indicator for the PSC may always
be set to 1.

As described above, since the PSC 1s 1n the activation state,
and may always be in the activation state, an exemplary
embodiment of the present invention may further include a 1s
case 1n which indication information (1.e., an indicator) for
indicating the activation state of the PSC i1s notincluded 1n the
activation indication MAC control element 2600. That 1s, an
exemplary embodiment of the present invention further
includes the activation indication MAC control element 2600
configured with a reserved (R) bit 1n the absence of the acti-
vation indicator for the PSC. In this case, the UE may not
analyze a value of the R bit, that 1s, since the UE 1s aware that
the index of the PSC 1s O, the PSC may remain 1n the activa-
tion state without additional analysis.

Therefore, the activation indicator indicates activation of
CCs corresponding to the serving cell indices {0, 3, 6,7}, and
indicates deactivation of CCs corresponding to the serving
cell indices {1, 2, 4, 5}. An order of a serving cell index
corresponding to a position of each bit of the activation 1ndi-
cation MAC control element 2600 1s for exemplary purposes
only, and the serving cell index does not have to be arranged
in the order of FIG. 26 and thus may be arranged in another
order. However, 11 there 1s no additional signaling, the UE and
the eNB have to know an order according to which each
serving cell index corresponds to each bit of the activation
indication MAC control element 2600.

FIG. 27 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the number of serving cells sup-
portable in the system 1s equal to the number of bits of the
MAC control element including the activation indicator, and
only some of supportable serving cells are configured 1n the
UE.

Referring to FI1G. 27, bits of an activation indication MAC
control element 2700 are sequentially mapped with all serv-
ing cell indices {0, 1, 2, 3, 4, 5, 6, 7}, respectively. First,
serving cells not configured 1n the UE have serving cell indi-
ces {1,2,4}. Therefore, bits corresponding to {1, 2, 4} are set
to 0, and may always be set to 0. Serving cells configured in
is the UE have serving cell indices {0, 3, 5, 6, 7}. Since the
actrvation 1ndication MAC control element 2700 1is

‘0100001°, this indicates activation of serving cells having
the serving cell indices {0, 6} and indicates deactivation of

serving cells having the serving cell indices {3,5,7}. The UE
ignores a bit corresponding to an 1ndex of a serving cell not
configured 1n the UE.

In addition, the UE may confirm the activation indication
MAC control element 2600 configured with the R bit 1n
correspondence with the PSC, and thus the PSC may remain
in the activation state without additional analysis on the R bat.

FIG. 26 and FIG. 27 show examples 1in which the total
number of serving cells supportable in the system 1s equal to
the total number of activation indication MAC control ele-
ments. However, 11 the total number of supportable serving
cells 1s less than the total number of bits of the activation
indication MAC control element, there 1s a need to determine

how to utilize the remaining bits of the activation indication
MAC control element. This will be described below with
reference to FI1G. 28.

FI1G. 28 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. This 1s a case 1n which the number of
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serving cells supportable in the system 1s less than the number
of bits of the MAC control element 1including the activation
indicator.

Referring to FIG. 28, an activation indication MAC control
clement 2800 includes atleast one R field 2805. If the number
of serving cells supportable 1n the system 1s k and the number
ol bits of the activation indication MAC control element 2800
1s m, then (m—K) bits, having a length corresponding to the
number of remaining bits in the activation indication MAC
control element 2800, are reserved as the R field 2805 for
other usages (e.g., a usage of activating/deactivating a UL CC
independently from a DL CC). For example, 1f m=8 and k=5,
then, since 3 bits (1.e., 8=5) are not used for a serving cell
index, these bits are constructed as the R field 2805.

Therefore, the activation indication MAC control element
2800 1s expressed by ‘RRR11001°, and the remaining 5 bits
(1.e., ‘11001”) other than the R field 2805 respectively corre-
spond to serving cell indices of the serving cells supportable
in the system in an order of {4, 3, 2, 1, 0}. That is, an order
according to which the serving cell index 1s mapped to the 5
bits 1s determined based on a serving cell index of the serving
cells supportable 1n the system.

According to the number of serving cells configured in the
UE, the 5 bits indicate different information as follows. If the
5 bits are ‘abcde’, the serving cell indices {4, 3, 2, 1, 0}
sequentially correspond to the bits a, b, ¢, d, and e.

For example, 1t 1s assumed that all serving cells supportable
in the system are configured 1n the UE. Since the 5 bits are
‘11001° (a=b=e=1, c=d=0), this indicates that only CCs cor-
responding to the serving cell indices {0, 3, 4} are activated,
and CCs corresponding to the remaiming serving cell indices
{1, 2} are deactivated. Herein, a serving cell index 0 is a
serving cell index of a PSC.

For another example, 1t 1s assumed that only serving cells
having the serving cell indices {4, 3, 1, 0} are configured in
the UE among the serving cells supportable 1n the system.
That is, a serving cell having the serving cell index {2} is not
configured 1n the UE. In this case, among the 5 bits, a bat
corresponding to the serving cell index {2}, i.e., the bit c, is
set to 0, and may always be set to 0, such as ‘abOde’. In this
case, the UE 1gnores the bit ¢ corresponding to the serving cell
not configured 1in the UE. Further, since the 5 bits are ‘11001
(a=b=e=1, d=0), this indicates that the CCs corresponding to
the serving cell indices {0, 3, 4} are activated, and the CC
corresponding to the serving cell index {1} is deactivated.

FIG. 29 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present mnvention. Here, a serving cell index 1s an index of
a physical center frequency of each serving cell (or CC), and
the number of serving cells supportable 1n the system 1s equal
to the number of bits of the MAC control element including
the activation idicator.

Referring to FIG. 29, an activation indication MAC control
clement 2900 including the activation indicator has a length
ol 8 bits. Each bit of the activation indication MAC control
clement 2900 corresponds to a frequency index Fi1of a serving
cell 1n a one-to-one manner. For example, frequency indices 1
and 4 of the serving cell respectively correspond to an 8” bit
and a 4” bit of the activation indication MAC control element
2900. Herein, F1 denotes an index for a center frequency 1 of
the serving cell (or CC). For example, F0, F1, F2, and F3 are
frequency indices indicating 90 MHz, 100 MHz, 120 MHz,
and 140 MHz, respectively. Of course, this 1s for exemplary
purposes only, and a Irequency size 1s not necessarily
increased 1n an ascending order of a frequency index. The
frequency size may be decreased or may be defined randomly
or without any order or relation to the other frequency sizes.
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The activation indication MAC control element 2900 can
indicate activation/deactivation regarding up to 8 serving
cells. If the frequency index of the PSC 1s FO, frequency
indices of the remaimning SSCs can be given to F1 to F7.
Therefore, as shown 1n FIG. 29, the frequency indices F1 to
F7 are sequentially mapped respectively from an 8” bittoa 1%

bit of the activation mdication MAC control element 2900.
Frequency indices of serving cells supportable 1n the sys-

tem are {F0,F1,F2,F3,F4,F5,F6,F7}, and all of the serving

cells are configured in the UE. Among them, frequency indi-
ces of activated serving cells are {F0, F3, F6, F7}. Therefore,
the activation indication MAC 1s control element 2900 1s
expressed by 11001001,

However, this 1s for exemplary purposes only, and thus the
frequency 1indices FO to F7 can be sequentially mapped
respectively from the 1% bit to the 8” bit of the activation

indication MAC control element 2900, or may be randomly
mapped.

FIG. 30 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, a serving cell index 1s an index of
a physical center frequency of each serving cell, and the
number of serving cells supportable in the system 1s less than
the number of bits of the MAC control element constructing,
the activation indicator.

Referring to FIG. 30, an activation indication MAC control
clement 3000 1includes at least one R field 3005. If the number
of serving cells configured 1n the UE 1s k and the number of
bits of the activation indication MAC control element 3000 1s
m, then (m-k) bits, having a length corresponding to the
number of remaining bits in the activation indication MAC
control element 3000, are reserved for other usages (e.g., a
usage of activating/deactivating a UL CC independently from
a DL CC). For example, if the number of bits of the activation
indication MAC control element 3000 1s 8 and the maximum
number of serving cells supportable 1n the system 1s 3, then,
since 3 bits (1.e., 8-5) are not used for a frequency index of a
serving cell, these bits are constructed as the R field 3005.

Therefore, the activation indication MAC control element
3000 1s expressed by ‘RRR11001°, and the remaining last 5
bits other than the R field 3005 respectively correspond to
frequency indices {F4, F3, F2, F1, FO} of the serving cell
supportable in the system. Since the last 5 bits are 11001,
this indicates that only CCs corresponding to the frequency
indices {F4, F3, F0} are activated, and CCs corresponding to
the remaining frequency indices {F2, F1} are is deactivated.

Meanwhile, i the number of serving cells configured 1n the
UE 1s less than the maximum number of CCs supportable in
the system, a bit corresponding to a non-configured serving,
cell 1n the activation indication MAC control element 3000 1s
set to 0. In this case, the UE 1gnores the bit corresponding to

[

the serving cell not configured 1n the UE.

Although 1t 1s described herein that the number of R fields
3005 1s 3, this for exemplary purposes only, and thus the R
field 3005 may not exist or the number of R fields 3005 may
be greater (or fewer) than or equal to 3.

FIG. 31 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the number of serving cells con-
figured in the UE 1s less than the number of serving cells
supportable 1n the system. Herein, whether the number of
supportable serving cells 1s equal to or different from the
number of bits of an activation indication MAC control ele-
ment 1s not a matter ol concern 1n particular. However, for
convenience of explanation, 1t 1s assumed that the number of
supportable serving cells 1s less than the total number of bits
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of the activation indication MAC control element, and the
activation indication MAC control element includes at least
one R field.

Referring to FIG. 31, an activation indication MAC control
clement 3100 includes 3 R fields 3105 and 5 bits. The number

of serving cells supportable in the system1s 5, and serving cell
indices of the serving cells are {4, 3, 2, 1, 0}. Among the 5
serving cells, x cells are configured 1n the UE (where x<5). In
this case, an order of mapping the serving cell index to the 5
bits 1s determined on the basis of serving cell indices for the
x serving cells and 1s not determined on the basis of the
serving cell indices of the 5 serving cells supportable 1n the

system.

If serving cell indices of 3 serving cells configured 1n the
UE are {3, 1, 0}, any 3 bits out of the 5 bits indicate activation/
deactivation of the 3 serving cells, and the remaining 2 bits are
set to 0, and may always be set to 0. For example, 11 the 5 bits
are ‘abcde’, the bits aand b are 0, and the remaining bits c, d,
and e correspond to the serving cell indices of the 3 serving
cells. In the example of FIG. 31, the serving cell indices {3, 1,
0} sequentially correspond to the bits ¢, d, and e, respectively.
Since cde=101, the activation indication MAC control ele-
ment 3100 indicates activation of CCs corresponding to the
serving cell indices {3, 0} and indicates deactivation of a CC
corresponding to the serving cell index {1}. Of course, this is
for exemplary purposes only, and thus any one of the bits a, b,
¢, d, and e can be set to 0, or may always be set to 0.

Although 1t 1s described herein that the number of R fields
3105 1s 3, this 1s for exemplary purposes only, and thus the R
ficld 3105 may not exist or the number of R ficlds 3105 may
be greater (or fewer) than or equal to 3.

FIG. 32 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. This 1s a case 1n which the number of
serving cells configured 1n the UE is less than the number of
serving cells supportable in the system, and a serving cell
index 1s an index of a physical center frequency of each
serving cell.

Reterring to FIG. 32, an activation indication MAC control
clement 3200 1includes 3 R fields 32035 and 5 bits. The number
of serving cells supportable 1n the system 1s 5, and frequency
indices of the serving cells are {F4, F3, F2, F1, F0}. Among
the 5 serving cells, x cells are configured 1n the UE (where
x=5). In this case, an order of mapping the serving cell index
to the S bits 1s determined on the basis of serving cell indices
for the x serving cells and 1s not determined on the basis of the
serving cell indices of the 5 serving cells supportable in the 1s
system.

If frequency 1ndices of 3 serving cells configured in the UE
are {F3, F1, FO}, any 3 bits out of the 5 bits indicate activa-
tion/deactivation of the 3 serving cells, and the remaining 2
bits are set to 0, and may always be setto 0. For example, if the
S bits are ‘abcde’, the bits a and b are 0, and the remaining bits
¢, d, and e correspond to the serving cell indices of the 3
serving cells. In the example of FIG. 32, the frequency indices
{F3, F1, F0} sequentially correspond to the bits ¢, d, and e,
respectively. Since cde=101, the activation indication MAC
control element 3200 indicates activation of CCs correspond-
ing to the frequency indices {F3, F0} and indicates deactiva-
tion of a CC corresponding to the frequency index {F1}. Of
course, this 1s for exemplary purposes only, and thus any one
of the bits a, b, ¢, d, and e can be set to O, or always set to O.

Although 1t 1s described herein that the number of R fields
3205 1s 3, this 1s for exemplary purposes only, and thus the R
field 3205 may not exist or the number of R fields 3205 may
be greater (or fewer) than or equal to 3.
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FIG. 33 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the eNB reports to the UE that
respective bits of an activation indication MAC control ele-
ment correspond to serving cell indices arranged 1n a specific
order by using RRC signaling, and the number of serving
cells configured 1n the UE 1s equal to the number of serving
cells supportable 1n the system. Herein, whether the number
of supportable serving cells 1s equal to or different from the
number of bits of the activation indication MAC control ele-
ment 1s not a matter ol concern 1n particular. However, for
convenience of explanation, 1t 1s assumed that the number of
supportable serving cells 1s less than the total number of bits
of the activation indication MAC control element, and 1s the
activation indication MAC control element includes at least
one R field.

Referring to FI1G. 33, an activation indication MAC control

element 3300 includes 3 R fields 3305 and 5 bits. ']

I'he number
of serving cells supportable in the system 1s 5, and serving cell
indices of the serving cells are respectively {0, 1, 2,3, 4}, and
all of them are configured in the UE.

In FIG. 26 to FIG. 32, 1t 1s assumed that a correspondence
relation between a bit and a serving cell index 1s previously
known between the eNB and the UE without additional sig-
naling. Unlike this, in FIG. 33, the UE maps a serving cell
index and each bit position by using index mapping informa-
tion for indicating a mapping relation between a bit position
and a serving cell index of a serving cell supportable 1n the
system.

For example, 11 the 5 bits are ‘abcde’, the bits a, b, ¢, d, and
e respectively correspond to 5 serving cell indices. According
to the index mapping information of FIG. 33, the serving cell
index {1} is mapped to the bit a, the serving cell index {2} is
mapped to the bit b, the serving cell index {0} is mapped to
the bit ¢, the serving cell index {4} is mapped to the bitd, and
the serving cell index {3} is mapped to the bit e.

The UE determines a serving cell index to be mapped to
cach bit position on the basis of the index mapping informa-
tion, and then determines activation/deactivation of each
serving cell on the basis of the activation indication MAC
control element 3300 including the activation indicator. The
remaining 5 bits other than the R field 33035 1n the activation
indication MAC control element 3300 are abcde=10101.
Theretore, the activation indication MAC control element
3300 indicates activation of CCs corresponding to the serving
cell indices {1, 0, 3} and indicates deactivation of CCs cor-
responding to the serving cell indices {2, 4}. Accordmglyj the
UE does not recerve the CCs corresponding to the serving cell
indices {2, 4} but receives the CCs corresponding to the
serving cell indices {1, 0, 3}.

FI1G. 34 shows a MAC control element including an acti-
vation indicator according to an exemplary embodiment of
the present invention. Here, the eNB reports to the UE that
respective bits of an activation indication MAC control ele-
ment correspond to serving cell indices arranged 1n a specific
order by using RRC signaling, and the number of serving
cells configured 1n the UE 1s less than the number of serving
cells supportable 1n the system. Herein, whether the number
of supportable serving cells 1s equal to or different from the
number of bits of the activation indication MAC control ele-
ment 1s not a matter ol concern 1n particular. However, for
convenience of explanation, 1t 1s assumed that the number of
supportable serving cells 1s less than the total number of bits
of the activation indication MAC control element, and the
activation indication MAC control element includes at least

one R field.

10

15

20

25

30

35

40

45

50

55

60

65

36

Reterring to FIG. 34, an activation indication MAC control
clement 3400 1includes 3 R fields 34035 and 5 bits. The number
of serving cells supportable in the system1s 5, and serving cell
indices of the serving cells are respectively {0, 1, 2, 3, 4}.
Among them, serving cells corresponding to {0, 3, 4} are
configured 1n the UE.

The eNB first transmits index mapping information to the
UE. If the 5 bits are ‘abcde’, mapping between serving cells
supportable 1n the system can be achieved as follows. That 1s,
the serving cell index {1} is mapped to the bit a, the serving
cell index {2} is mapped to the bit b, the serving cell index {0}
is mapped to the bit ¢, the serving cell index {4} is mapped to
the bit d, and the serving cell index {3} is mapped to the bit e.
That is, a mapping relation of abcdes {1, 2, 0, 4, 3} is
satisfied.

However, since the serving cells corresponding to the serv-
ing cell indices {1, 2} are not configured in the UE, the bits a
and b are set to 0, and may always be set to 0. Since the 1s
remaining bits are cde=101, the activation indication MAC
control element 3400 1ndicates activation of the serving cells
corresponding to the serving cell indices {0, 3} and indicates
deactivation of the serving cell corresponding to the serving
cell index {4}.

FIG. 35 1s atlowchart showing a method for transmitting an
activation indicator according to an exemplary embodiment
of the present mnvention. Referring to FIG. 35, an eNB trans-
mits mndex mapping imnformation to a UE (operation S3500).
The index mapping information 1s information for indicating
a mapping relation between a bit position and a serving cell
index of an SSC supportable in the system. The UE may allow
cach bit of an activation indication MAC control element to
be recerved afterwards to correspond to a serving cell index
on the basis of the index mapping information. If the index
mapping information 1s successtully recerved, and each bit of
the activation indication MAC control element 1s allowed to
correspond to the serving cell index on the basis of the index
mapping information, the UE transmits mapping confirma-
tion information to the eNB (operation S3505).

The index mapping information and the mapping confir-
mation mnformation may be any one of a MAC message, an
RRC message, and a physical layer message.

The eNB transmits the activation indicator to the UE (op-
cration S3510). The activation indicator may have the struc-

ture described with reference to FIG. 16 to FIG. 34, and may
also have other similar structures 1n addition thereto.

Although not shown in FIG. 35, by using the activation
indicator, the UE may activate (or receive) a specific CC
regarding a specific serving cell index or may deactivate (or
not receive) the specific CC.

According to exemplary embodiments of the present
invention, a control channel or data channel regarding a com-
ponent carrier 1s selectively recetved depending on whether
the 1s component carrier 1s activated while a deactivated com-
ponent carrier 1s not recerved. Theretore, decoding overhead
ol a user equipment may be decreased, and power consump-
tion may be decreased.

In addition, a transport protocol regarding activation/deac-
tivation of the component carrier 1s clearly specified between
the user equipment and a base station, and an amount of
control information required for this process 1s regulated.
Theretore, a radio resource can be effectively used.

It will be apparent to those skilled in the art that various
modifications and variation can be made 1n the present inven-
tion without departing from the spirit or scope of the mnven-
tion. Thus, it 1s intended that the present invention cover the
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modifications and variations of this mnvention provided they
come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:
1. A method for supporting activation or deactivation of

serving cells by a base station (eNB) 1n a wireless communi-
cation system, the method comprising:

1s located 1in the LSB of the MAC CE

configuring M serving cells 1n a user equipment (UE);

configuring an indicator indicating activation or deactiva-
tion of each of at least one of the M serving cells;

configuring a medium access control (MAC) message
which includes a MAC control element (CE) and a logi-
cal channel identifier (LCID), the MAC CE including
the indicator configured for each of the at least one of the
M serving cells and having a length corresponding to an
integer multiple of 8 bits, the LCID indicating that the
MAC CE includes the indicator indicating activation or
deactivation of each of the at least one of the M serving
cells; and

transmitting the configured MAC message to the UE,

wherein the indicator indicates activation or deactivation of
cach of the at least one of the M serving cells which are
sorted from a least significant bit (LSB) of the MAC CE
in an ascending order and which correspond to serving
cell indices of serving cells,

wherein the eNB configures for the UE serving cells
including one primary serving cell (PSC) and one or
more of secondary serving cells (SSCs), and

wherein a serving cell index of the PSC 1s set to 0, and
serving cell indices of the SSCs are set to N-1, where N
denotes a length corresponding to one of 1 to 8 bits.

2. The method of claim 1, wherein an indicator of the PSC

3. The method of claim 1, further comprising configuring,

an indicator indicating activation of the PSC by the eNB and
configuring indicators indicating activation or deactivation of

t

e one or more of the SSCs by considering a cost function of

the eNB.

4. The method of claim 3, further comprising configuring,

the indicator indicating activation of the PSC by using a
reserved bit 1n the MAC CE.

5. A base station (eNB) to support activation or deactiva-

tion of serving cells 1n a wireless communication system, the
eNB comprising;

an activation group processor to configure M supportable
serving cells 1n a user equipment (UE);

an activation indicator generator to generate an indicator
indicating activation or deactivation of each of at least
one of the M serving cells;

a message transmitter to configure a medium access con-
trol (MAC) message and to transmit the configured
MAC message to the UE, the MAC message including a
MAC control element (MAC CE) and a logical channel
identifier (LCID), the MAC CE including the indicator
configured for each of the at least one of the M serving
cells and having a length corresponding to an integer
multiple of 8 bits, the LCID indicating that the MAC CE
includes the indicator,

wherein the indicator indicates activation or deactivation of
cach of the at least one of the M serving cells which are
sorted from a least signmificant bit (LSB) of the MAC CE
in an ascending order and which correspond to serving
cell indices of serving cells,

wherein the eNB configures for the UE serving cells
including one primary serving cell (PSC) and one or
more of secondary serving cells (SSCs), and
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wherein a serving cell index of the PSC 1s set to 0, and
serving cell indices of the SSCs are set to N-1, where N
denotes a length corresponding to one of 1 to 8 bits.

6. The eNB of claim 5, wherein an indicator of the PSC 1s
located 1n the LSB of the MAC CE.

7. The eNB of claim 5, wherein the activation indicator
generator configures an indicator indicating activation of the
PSC and configures indicators indicating activation or deac-
tivation of the one or more of the SSCs by considering a cost
function of the eNB.

8. The eNB of claim 7, wherein the activation indicator
generator configures the indicator indicating activation of the
PSC by using a reserved bit in the MAC CE.

9. A method for supporting activation or deactivation of
component carriers by a base station (eNB) 1n a wireless
communication system supporting multi component carriers,
the method comprising;:

configuring M component carrier(CC)s 1n a user equip-

ment (UE);

configuring an indicator indicating activation or deactiva-

tion of each of at least one of the M CCs;
configuring a medium access control (MAC) message
which mncludes a MAC control element (CE) and a logi-
cal channel 1dentifier (LCID), the MAC CE including
the indicator configured for each of the at least one of the
M CCs and having a length corresponding to an integer
multiple of 8 bits, the LCID indicating that the MAC CE
includes the indicator indicating activation/deactivation
of each of the at least one of the M CCs; and

transmitting the configured MAC message to the UE.,

wherein CC 1s a cell to transmit and recerve information
between the eNB and the UE, that the cell has a linkage
between uplink CC and downlink CC,
wherein the indicator indicates activation or deactivation of
cach of the at least one of the M CCs which are sorted
from a least sigmificant bit (LSB) of the MAC CE 1n an
ascending order and which correspond to serving cell
indices of serving cells,
wherein the eNB configures for the UE CCs including one
primary CC (PCC) and one or more of secondary CCs
(SCCs), and

wherein a serving cell index of the PCC 1s set to 0, and
serving cell indices of the SCCs are set to N-1, where N
denotes a length corresponding to one of 1 to 8 baits.

10. A base station (eNB) to support activation/deactivation
of component carrier(CC)s 1n a wireless communication sys-
tem, the eNB comprising:

an activation group processor to configure M component

carrier(CC)s 1n a user equipment (UE);

an activation indicator generator to generate an indicator

indicating activation or deactivation of each of at least
one of the M component carrier(CC)s;

a message transmitter to configure a medium access con-

trol (MAC) message and to transmit the configured

MAC message to the UE, the MAC message including a
MAC control element (MAC CE) and a logical channel

identifier (LCID), the MAC CE including the indicator
configured for each of the at least one of the M compo-
nent carrier(CC)s and having a length corresponding to
an iteger multiple of 8 bits, the LCID 1indicating that the
MAC CE includes the indicator,

wherein CC 1s a cell to transmit and recerve information
between the eNB and the UE, that the cell has a linkage
between uplink CC and downlink CC,

wherein the indicator indicates activation or deactivation of
cach of the at least one of the M serving cells which are

sorted from a least significant bit (LSB) of the MAC CE
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in an ascending order and which correspond to serving

cell indices of serving cells,

wherein the eNB configures for the U.

5 CCs including one

primary CC (PCC) and one or more of secondary CCs

(SCCs), and

wherein a serving cell index of the PCC 1s set to 0, and

serving cell indices of the SCCs are

setto N-1, where N

denotes a length corresponding to one of 1 to 8 bits.
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